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ABSTRACT
This Dissertation describes the reactions of three divalent 
sulfur compounds, sulfur dicyanide, sulfur dlchlorlde, and disulfur 
dlchlorlde, with a number of noble metal substrates. The coordinating 
propensities of these compounds have been determined, and a number of 
new complexes have been prepared and characterized.
Among the complexes prepared from the reactions of S(CN)£ 
were the following: Irx(CN)(SCN)(CO)(PPh3 ) 2 [X = Cl, Br, NCS, C(CN)3],
IrCl(CN)(SCN)(CO)(PMePha)2, IrCl(CN)(CO)(SCN)(AsPh3)2 , RhX(CN)(SCN)(CO)- 
(PPh3)s (x S Cl, Br), IrC1[S(CN)2](PPh3)2, and Pt(CN)(NCS)(PPh3)2. The 
reactions show that, In general, sulfur dicyanide oxidatively adds to 
coordinatively unsaturated substrates to give complexes containing a 
cyano- and thiocyanato-ligand.
The initially Isolated complex, IrCl(CN)(SCN)(C0)(PPh3)2, 
from the reaction of IrCl(CO)(PPh3 ) 2 and S(CN)r, contains an S-bonded 
thiocyanate ligand. When this complex was recrystallized from dichloro- 
methane/methanol, linkage Isomerization occurred to give the N-bonded 
thiocyanate Isomer IrCl(CN)(NCS)(C0){PPh3)2. Other complexes which 
exhibited similar isomerization characteristics were MX(CN)(SCN)(CO)- 
(PPh3 ) 2 (M - Ir, X - Cl, L - PMePh2, AsPh3; M - Ir, X * Br, NCS, L * 
PPh3; M ■ Rh, X “ Cl, L *= PPh3). Sulfur dicyanide replaced the 
dlnltrogen ligand in IrClN2 (PPh3 ) 2 to give IrCl[s(CN)2](pph3)2. A com­
plex containing both N-bonded and S-bonded thiocyanate ligands, Ir(NCS)- 
{CN)(SCN){CO)(PPh3)2* was formed from the reaction of IrH(CO)2(PPh3 ) 2  
and sulfur dicyanide. The platinum(O) substrates Pt(CO)2(PPh3 ) 2 and 
Pt(PPh3 ) 4 reacted with S(CN) 2 to form Jtrans-pt(CN)(NCS)(PPh3)2.
Sulfur dicyanide failed Co react with AuCl(PPh3) . The complexes 
Rhx(CO)(PPh3)2 (X = X, NCS, Cl04), RhCl(pPh3)3 , and IrH(CO)(PPh3)3 
reacted with sulfur dicyanide but the products were not well- 
characterized .
Sulfur dlchlorlde was found to react with the irldlum(l) 
substrates IrX(CO) (PPh3)2 (X “ Cl, Br, NCS) to give the six-coordinate 
complexes IrXCl(SCl)(CO)(PPh3)2 containing a chlorosulfIdo-ligand.
The Ionic irldium(l) complex [lr(diphos)2]Cl also cleaved sulfur di- 
chlorlde and formed [lrCl(SCl)(diphos)2JCl. In contrast to these 
reactions, only chlorination occurred in the reactions of sulfur di- 
chloride with RhCl(CO)(PPh3)2, Pt(C0)2(PPh3)2, and Pt(pph3)4. The 
respective products were RhCl3(CO)(PPh3)2, cis-PtCl2(CO)(PPh3), and 
els- and trans-PtClg{pPh3)2.
The reactions of dlsulfur dlchlorlde with the Iridlum(l) 
complexes IrX(CO)(PPh3 ) 2 (X = Cl, Br, and NCS) gave the 1:1 adducts 
IrX(CO) (PPh3 )2 *3^ 1 2. A structure is proposed In which the S^ Cl*- is 
bonded to iridium through the two sulfur atoms. The chloro- and bromo- 
complexes isomerlzed in dichloromethane/methanol. The infrared spectra 
of the products suggest that isomerization occurred to give the com­
plexes IrXCl(S2Cl}(CO)(PPh3 ) 2 in which the S^C12 unit is divided into 
the individual chloro- and chlorodlsulfido-ligands. Other complexes 
which formed 1:1 adducts with S ^ ^  were RhCl(CO) (PPh3) £ and [ir- 
(diphos)21Cl. Only the chlorinated products cis- and trans-PtCl2- 
(pPh3 ) 2 were Isolated from the reactions of disulfur dichloride with 
Ft(CO) 2(PPh3 ) 2 and Pt(PPh3)4.
xi
I. INTRODUCTION
A. Preliminary Remarks
Ligands containing Group V elements, especially phosphorus, 
have been studied extensively in their reactions with transition metal 
complexes.1 In 1857* Hofmann prepared the first complexes of platinum 
and gold containing triethylphosphine, arsine, and stibine.2 This was 
the origin of a field of chemistry which has grown rapidly, especially 
in the past twenty years. Tertiary phosphines, arsines, and stlbines 
tend to form nonionic complexes which are quite soluble in organic sol­
vents.1 This is in marked contrast to complexes formed by ananonia and
amines. Although phosphlne complexes of most transition metal salts 
are known, the most stable of these complexes contain the metals rich 
In d electrons. Such metals not only have the capacity to accept
electron density from the phosphlne ligand to form a a-bond, but
they can also donate electron density from filled non-bonding d orbi­
tals to form Tf bonds with empty 3d orbitals on phosphorus. Hie 
stabilization effect of phosphlne and arsine ligands has been of great 
consequence in studying the bonding of hydrogen and other anionic 
ligands in metal complexes.
The stable complexes of phosphlne itself are limited.3"6 
However, the complexes of primary, secondary, and tertiary phosphines 
are well characterized.1 The electronegativity of the groups attached 
to phosphorus has a pronounced effect on the strength of the metal- 
phosphovus bond. In the list of molybdenum complexes below, the more 
electronegative the substituents attached to phosphorus, the higher the
1
2CO stretching frequencies. 7 This type 
cis-MoL^fCO)^
of data has been used to assess 
V -1co, cm -1
Mo[P(CaH5)3 33 (C0 ) 3 1957 1841
Mo[P(OCeH5)3 ]3 (CO) 3 1994 1922
mo[p(oc*h5)ci2;|3 (co)3 2027 1969
Mo(PC13)3 (C0) 3 20140 1991
mo(pf3 )3 (co) 3 2090 2055
the relative TT acidity of a particular ligand. Such a comparison of
ligands involving Group V and Group VI donor atoms in order of de­
creasing Tf acidity follows: CO ~  PF3 >  PC13 >  AsCl3 ~  SbCl3 >  PCla(OR) >
PClsR >  PCI (OR) 2 >  PClRfi ~  P(OR) 3 >  PR3 ~  AsR3 ~  SbR3 ~  SR2 >  RCN > HR3 ~  
0R2 ~  RQH >  H^TCOR. 0 The divalent sulfur ligand, SRa, is ranked com­
parable to tertiary phosphines, arsines, and stibines in TF-acidity. 
However, the research Interest in chalcogen ligands such as SR2 has 
been small when compared to the extensive research in the field of 
phosphlne, arsine, and stibine chemistry.
The dlalkyl or diaryl sulfide molecule SR2 contains sulfur in 
the divalent state with the eight electrons in the valence shell being 
distributed among two a-bonds and two lone pairs. This molecule is 
isoelectronlc in the valence shell with the trialkyl"or triarylphosphine 
PR3 , which has three a-bonds and a single nonbonding pair of electrons.
FT i  'R
R
Sulfur, like phosphorus, is capable of forming multiple bonds by util­
izing its unfilled d-orbitals. 9 Thus, the reactions of these two 
molecules would be expected to be similar.
B. Review of Metal Complexes Containing SR and SR2 Ligands
The reactions of metal carbonyls with sulfur compounds has 
been reviewed by Abel and Crosse. 10 In I9 2 8 , the first metal carbonyl 
mercaptide was prepared from ferrous hydroxide, carbon monoxide, and 
ethanethiol. 11 It was later synthesized by irradiating a mixture of 
iron pentacarbonyl and ethanethiol, eq. i . 12 Numerous alkyl- and
Fe (CO) 5 + EtSH - ^ >  [Fe(CO)3SEt] 2 (l)
arylthioiron tricarbonyls have since been prepared by the re­
actions given in eq. 2-5 . 10 Elimination of carbon monoxide also
Fe3 (CO) 12 + RSH -» £Fe{CO)3SR] 2
(R = Et, P r ,  Ph, CeFs) (2)
Fe3 (CO) 12 + R^Sa -» [Fe(CO)3SR] 3 > *
(R = Me, Et, Bu , Ph) ^
Fe3 (CO) 12 + SR2 -* [Fe(CO)3SR] 2
(R = Me, Et)
Fe3 (C0) I2 + RSCN -> [Fe(C0)3SR] 2
(R = Me, Ph)
Fe(CO)2 (NO) 2 + PhSH -► [Fe(NO)2SPh] 2
(*0
( 5 )
(6)
occurs when substituted cobalt carbonyls react with mercaptans and di­
alkyl disulfides, eq. 7 and B . 1 3 ’ 14
(PPh3 )Co(NO)(CO) 2 + EtSH [(PPh3 )Co(NO)SEt] 2 (7)
h5-C5H5Co(C0) 2 + M e ^ s  -* [h5-CsH5CoSMe] 2 (8 )
Group VB and VIB carbonyls and substituted derivatives, such 
as h5-CsHsV(CO) 4 and [h5-C5H^lo{C0 )3 ] 2 react with excess S^le2  
to give carbonyl-free mercaptides, [hs-C5H5M(SMe) 2 ] 2 (m & V, Mo) . 15 
Cotton and Ziugales reported the preparation of the molybdenum carbonyl
hcomplcxcB 1101,3 (0 0 ) 3 [L — MesS, Et^S} (NH2)3CS, MeCSNH^^j
from the reaction of excess L with cycloheptatrienemolybdenum tricarbonylf 
These complexes are analogous to the phosphlne and arsine molybdenum 
carbonyls Mo(PR3 )3 (C0 ) 3 and Mo(AsR3 )3 (C0 )3 . The reaction of Group VXIB 
pentacarbonyl chlorides with thiophenol gives the dimer [.M(CO) 4SPh]£
(M * Mn, Tc, Re) . 10
In I9 2 9 > nickel tetracarbonyl was reported to react with 
organosulfur compounds.16 The products were later characterized as 
high polymer mercaptides.17 The disubstituted nickel complex Ni(CO)a- 
(diphos) reacts with diphenyldisulfide to form Ni(diphos)(SPh)2.
According to Livingstone, the coordinating ability of divalent 
sulfur ligands increases in the order HsS <  RSH <  R^S.18 This can be 
Illustrated by considering the addition of these sulfur molecules to 
some Group VIII metal complexes. Ugo and coworkers reported the addi­
tion of HjjS to the platinum(o) complexes pt(pph3)2 and pt(pph3)3 .19 
In solution, two species are present when H^S is bubbled into a benzene 
solution of the bis or tris compound. From nmr studies, the structures 
have been assigned to I in which the H^S molecule remains as a unit and 
bonds to the metal through S, and II with the molecule split into a 
hydride ligand and a thiol group. In the solid state only II is present.
H\ s / Hi s : pph3
/ pt<  > <
PPh3^  PPh3 Ph3P H
I II
Thiophenol reacts with bis- and tris(triphenylphosphine)platinum(o) to 
yield only one product, III.
5FhS^ ^PPh3
Ph3P H
III
A long series of complexes of the type [MX2Y2] (M = Pt, Pd;
X = Cl, Br, or I; Y s MegS, Me^Se, Me2Te) has been prepared by the ad­
dition of Me£S, ffegSe, or Me2Te to aqueous solutions of K2MX4.a0 Both 
cis and trans monomeric platinum complexes were isolated. However, 
palladium tends to form either trans monomeric or chlorine-bridged 
dimeric moieties. Clark and coworkers used a similar synthetic proce­
dure to prepare trans-PdX2(SR2)^ p£ = Cl, Br, I; SRs - EtMeS, 
SCHgCHgCHgCHg, Et^S, Pr2iS , (CHaPh)PS, or PhMeS]?■ A comprehensive
treatment of metal-ligand and intraligand vibrations is included in 
these two references.
The reactions of the iridium(l) complex, IrClCO(PPh3)2 , with 
HgS and substituted thiols have been reported by Singer and Williams.22
IrCl(C0)(PPh3)p + RSH IrCl(H)(SR)(CO)(PPh3)P ( x
(R = H, CBH4Me, C6H3(SH)Me) W
Gaylor and Senoff studied the kinetics of this type of oxidative addi­
tion reaction with some para-substituted benzenethiols, HSCgH^ (Y = 
i*-N02 , 4-Br, it-Cl, 4-F, i|-H, 4-Me, or 4-MeO).23 >24 They found that 
the reaction proceeds via a three-centered activated complex to give 
the cis-product.
6PPh3
o r -PPh3
Cl
+
1
(10)
PPh3 
OQ. J ,,H
Two types of complexes are formed vAiai (jUHjatlrCls] is allowed to
react with diethylsulfide in ethanol. The first group of workers to report 
this reaction assigned the yellow and red products to els- and trans- 
Clr(SEt2 )3Cl3 ] . 3 S >39 A more recent and detailed study of this reaction 
showed that although the yellow compound is cis-[lr(SEt2)3Cl3], the red 
product is a "polymerization'1 isomer, trans-fIr(SEt2)^Cl^]-trans-[ir- 
(SEt£)^Cl4] . 40 Addition of an ethanol solution of silver nitrate to a 
chloroform solution of the red complex produces a light orange precipi­
tate of Ag£lr(SEt2)^Cl4] and yellow crystals of [lr(SEt2)4Cl2]N03.
The rhodlum(x) complex, RhCl(PPh3)3 , will add H^S to form 
RhCl(H)(SH)(PPh3 ) 2 . 22 In turn, this complex will react with carbon 
monoxide and the H^S ligand will be replaced to yield the stable Rh(l) 
complex, trans-RhClCO(PPh3)2. With diethylsulfide, rhodium(lll) gives 
complexes of the type Rh(SEt2)3X3 (X “ Cl, Br, l).2S
phosphlne)platlnum(o) and palladium(O) was reported to give products 
resulting from sulfur-sulfur bond cleavage, eq. 11 and 12. 26 The pal­
ladium complexes are either bridged or monomeric depending on the R 
group. The analogous platinum reactions yield monomeric products,
In a recent publication, the oxidative addition of organic 
disulfides R2S2 (R * Ph, o- and m-0^C^I4, Bu*") to tetrakis(triphenyl-
Ph
pd(pph3)4 + phaS2 -*
PhS^ "'"S"'^  ^PPh3
(11)
Ph
Pd(PPh3 ) 4 + (NOsCqHJ^Ss -+ PPh3^ ^ S C 6H4N02 (12)
SCqHj^ NO^
Pt(PFh3 )2(SR)2. The iridium(l) complex, IrClCO(pph3)2 , has been shown 
to cleave the sulfur*sulfur bond of a number of substituted diphenyl- 
disulfldes and form "oxidative elimination" products, eq. I3 . 27
C. Statement of the Problem
As was previously mentioned, the substitution of halogen atoms 
for organic groups on phosphorus increases the TT-acidity of the ligand. 
It was of interest, therefore, to investigate the effect of similar 
substitutions on sulfur ligands. The molecules SC12, S2C12, and S(CN) 2 
were chosen for the reactions reported in this Dissertation. Sulfur 
dlchlorlde was selected because of Its stability and availability. 
Sulfur dlbrotnlde, SBr2, does not exist and sulfur diiodide can be made 
only in solution. 28 Although there are several references to SF2 in 
the past, its physical properties have not been well characterized and
+ ArS-SAr'
l3
(X - Cl, Br, or I; Ar “ YCoH4, Ar' * 2,4(0^)^ e H 3)
8Its existence remains uncertain. Dlsulfur dlchlorlde, S^Cl^, was 
chosen because of Its similarity to SC12 in reactivity toward many 
Lewis acids and bases. The reactions of S^Cl^ can be compared with 
the numerous reactions of dialkyl and diaryl sulfides previously men­
tioned. Sulfur dicyanide, S(CN)£> was chosen as an extension of cyano- 
carbon research carried out in this laboratory. 3 9 -31
Coordinatively unsaturated noble metal complexes were selected 
as substrates for reactions with the chloro- and cyano-substituted 
sulfur donors reported herein. The central metal atoms are rich in ji 
electrons and the complexes are known to form stable adducts with a 
number of addenda. Some representative addition and displacement re­
actions of the two complexes most often used in this work, trans- 
chlorocarbonylbis(triphenylphosphine)iridlum(l) and tetrakis(triphenyl- 
phosphine)platinum(O), are illustrated in Figures 1 and 2.
D. Chemistry of Sulfur Dicyanide, Sulfur Dichloride, and Disulfur 
Dichloride.
The preparation of sulfur dicyanide was first reported in 
1828 by Lassalgne, eq. 1J+.3 2 Other methods have been cited by Schneider33
cs
2AgCN + SCI.. ---£-> S(CN)s ■+ 2AgCl * (U)
and Soderback. 34 The physical properties of S(CN)£, are listed in 
Table I. Sulfur dicyanide is a colorless crystalline solid which is un­
stable at room temperature, and even In the absence of oxygen slowly 
forms a yellow polymeric material. 33 The rate of decomposition is 
rapidly increased by the presence of air, moisture, and heat. Decompo­
sition can be retarded by storing S(CN)s under vacuum at Dry Ice
FIGURE 1
Selected Reactions of trans-IrClfCO) (FPh3) g.
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TABLE I
SOME PHYSICAL PROPERTIES OF SULFUR DICYANIDE
Property Reference
Formula S(CN)a 55
Synonym Cyanogen sulfide 5 6
Cyanosulfide 36
Dicyanosulf ide 36
Thiocyanic acid anhydride 36
Description Colorless plate-like 
crystals; pungent odor
55
Molecular Weight 84 55
Melting Point 64-65° c 55
Density 1.48 g/cm3 58
Symmetry(molecular) C2v 58
Bond Lengths C-S = 1.73 # 58
C=N = 1 . 1 2 a 58
Bond Angle C-S-C = 95.6° 58
temperatures. Because of Its high vapor pressure, sulfur dlcyanide can 
be readily purified by sublimation. 35 It should be noted that S(CN)s 
vapors are very irritating to one's eyes. 33 The white solid is very 
soluble in carbon disulfide and organic solvents such as benzene, chlo­
roform, alcohol, and ether. 36
The reaction chemistry of s(CN)e has been studied very little 
in the past. Kitchen, Smith, and Wilson studied the kinetics of decom­
position of s(CN) 2 in aqueous solution and found that the reaction 
follows eq. I 5 .35 They found that, in general, the reactions of sulfur
S(CN) 2 + gHgO HOCN + SCN" + H30+  (I5)
dicyanide are predominantly S^2 at the carbon atom. The reaction of 
sulfur dlcyanide with ammonia was reported by Linneman in I9 6I. 37 The 
product HN:C(NH2 )*S-C(NH2) :NH is a stable white crystalline powder. In 
i9 6 0, Kuhn and Mecke reported that sulfur dicyanide reacts with dimethylaraine 
in ether solution to for* dimethyIcyanamide, eq. 16. 41 To our knowledge,
Me Me
S(CN) s + 2 ^ N H  -* _^NCN +
Me Me
Me
/ N H 2
Me
+
SCN" (16)
the reactions of sulfur dicyanide with metal substrates have not been 
previously investigated.
Disulfur dlchloride, a golden yellow oily liquid of pungent 
odor, is formed by the direct combination of chlorine and sulfur. 42 
Sulfur dichlorlde, a dark red liquid, is prepared commercially by 
adding chlorine to disulfur dlchloride. The physical properties of 
sulfur dichloride and disulfur dichloride are listed in Tables II and
III. Both of these sulfur chlorides are important industrial chemicals. 
They are used in the treatment of fatty acids to produce compounds con­
taining chlorine and sulfur. Disulfur dichlorlde is used in the
15
TABLE II
SOME PHYSICAL PROPERTIES OF SULFUR DICHLORIDE
Property Reference
Formula SCle 5T
Description Reddish-brown liquid; 
pungent odor
57
Molecular Weight 105 .0 57
Bolling Point 5 9 0  c 57
Melting Point -78° C 57
Density 1.62 g/cm3 at I50 C 57
Symmetry (molecular ) C2V 28
Bond Lengths S-Cl =* 1 .9 9 (5 ) & 28
Bond Angle Cl-S-Cl = 101(20° 28
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TABLE III
SOME PHYSICAL PROPERTIES OF DISULFUR DICHLORIDE
Property Reference
Formula S^Clg 57
Synonym Sulfur chloride 57
Sulfur monochloride 57
Description Amber to yellowish-red oily 
liquid; penetrating odor
Molecular Weight 135.05 57
Bolling Point 138° c 57
Melting Point -8 0 °  c 57
Density 1 .6 8 8 5  at 15° C 57
Symmetry(molecular) C2
28
Bond Lengths S-Cl = 2.07(1) & 28
s-s = 1.97(5) 28
Bond Angles S-S-X = 107(2.5)°
Dihedral angle between the 
planes defined by S-S and
x-ss = 8 2 .5 (1 2 )°
28
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vulcanization of rubber to produce products such as toy balloons. A. 
typical use of sulfur dichloride in organic chemistry is its addition 
to the double bond of ethylene ("Mustard Gas" process) . 23 A comprehen-
SC12 + C£H4 -» Cl-C^SCl (17)
C IC 2H 4S C I +  -» ( c i c ^ ) ^  ( 18)
sive review of sulfur dichloride and disulfur dichloride is given in 
Gmelln's Handbuch der Anorganischen Cheroie.43
Sulfur dichloride forms one-to-one adducts with aluminum, iron, 
and antimony chlorides. 44 Attack by the Lewis acid chlorides on polar 
sulfur dichloride leads to the scission of an S-Cl bond and thus to the 
formation of complex salts. When the adducts are allowed to react with
AICI3 + SCl2 -* AlCl3 *SC12 -* Cls+Alcl4‘ (19)
FeCl3 + SC12 , -»■ FeCl3 *SCl2 ClS+FeCl4~ (20)
SbCl5 + SC12 -* SbCl5*SCl2 -> ClS+SbCl6~ (21)
benxene, hydrogen chloride is evolved and the complexes AlCl3 'PhSCl, 
FeCl3 ‘PhSCl, SbCl5*PhSCl are formed.
Paul and coworkers, in studying the nature of S2Cl2, found 
that in the presence of Lewis acids and bases it behaves as a strongly 
ionized molecule. 45 The adducts with boron trichloride and antimony 
pentachloride have been isolated from the following reactions at -1*0° C 
in liquid sulfur dioxide. Infrared spectra of these complexes show the
S£C12 + BCI3 -* SeClp'BCla -> S2Cl+BCl4" (22)
SsCls + SbCly - S2C12 -SBC1s -» SsCl+SbCl0" ( 23 )
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presence of BC14 and SbCle ions. These reactions indicate that when 
a strong chloride acceptor is present, disulfur dlchloride acts as a 
strong chloride ion donor. It also forms the one-to-two adducts, 
A1C13 ’2S^C12 and FeCl3 *2S^Cl2 , with aluminum and iron chlorides. 46 The 
iron adduct remains stable to heat; however, the one-to-one adduct 
AlCl3 *S£Cl2 is formed when the initial aluminum adduct is heated to
155° C.
There have been a number of investigations of sulfur dichlo­
ride reactions with bases. A polymeric sulfur-nitrogen compound, S 4N4, 
is formed when ammonia is bubbled into an ether solution of sulfur di­
chloride. 47 Tetrasulfur tetranitride is a cyclic tetramer which has 
the structure of an eight-membered ring composed of alternating sulfur 
and nitrogen atoms. 48 The action of sulfur dlchloride on ethylamlne 
produces the N-ethyl derivative (SNC^Hg)4? ^  Stone and Neilsen pre­
pared a low-molecular-weight plastic polymer from the reaction of 
methylamine and a hexane solution of sulfur dichlorlde. It has an ap­
proximate composition of (SNCH3)x.sl Amides and aromatic amines will 
add to sulfur dichloride to form the adducts (SGL*2B)+C1 (b = dimethyl- 
formamide, N-methylacetamide, dimethylacetamide, diethy1acetamide, 
pyridine, f} and y picolines, quinoline, and isoquinoline) . 5 2 »53 Co­
ordination to the sulfur dichloride molecule occurs through nitrogen in 
the amines and through the carbonyl oxygen in the amide adducts.
The reactions of disulfur dichlorlde with organic molecules 
have been reviewed by Wiles and Ariyan. 54 The reactions indicate a 
polarization of the disulfur dichloride molecule either as ClS2 —
r Ci fi
Cl or CIS —  SCI. The solid adducts of organic tertiary bases with 
disulfur dichloride are readily formed at room temperature. 45 The
S£C12 + 2Base -* S^Cl2*2Ba9e ®s [S2Cl*2Base]+c r  (2l|)
Base = pyridine, quinoline, a-picoline, morpholine,
piperidine, diethylamine, triethylamine, and ethylene- 
diamine.
nitrogen atom of the base serves as an electron donor and the sulfur
atom of disulfur dlchloride as an electron acceptor. In aprotic sol­
vents such as nltromethane, nitrobenzene, acetone, and acetonitrile, 
disulfur dichloride acts as a nonelectrolyte.
II. EXPERIMENTAL - GENERAL
A. Materials
Reagent grade solvents were deoxygenated before use by passing 
nitrogen through a fritted bubbler submerged in the liquid for several 
minutes. Thiophene-free benzene was dried over sodium wire, and tetra- 
hydrofuran was refluxed with calcium hydride 12 hr , then distilled onto 
5 fi molecular sieves.
Sulfur dlchloride was purchased from Matheson, Coleman, and 
Bell. Because of the tendency for sulfur dichlorlde to dissociate into 
disulfur dichlorlde and chlorine, it was distilled at atmospheric pres­
sure and stabilized with a small amount of PC13 prior to use. Further 
distillation of impure sulfur dichloride produced pure disulfur di­
chloride. It was stored in sealed ampoules at -20° C. Disulfur dibro­
mide was produced from the reaction of disulfur dichlorlde and hydrogen 
bromide gas.59 The product was purified by vacuum distillation (0.1 mm 
at k6° C).
Sulfur dlcyanide was prepared according to the method of Long 
and Steele. 55 The colorless crystals were stored at Dry Ice tempera­
tures under nitrogen for months with only minimal decomposition.
The following chromatographic materials were purchased from 
Brinkmaim Instruments, Inc., Westbury, New York: silica gel (O.O5-
0.2 mm, 70-325 mesh ASTM, activity II-IIl) and aluminum oxide (active 
neutral, activity I) for column chromatography; silica gel GF-25J+ and 
aluminum oxide PF-25^ (type E) for thin layer chromatography; silica 
gel F-2 5I+ (0.25 mm) and aluminum oxide F-2 5^ (0.20 mm) precoated TLC 
Bheets; and aluminum oxide F-25^ (type T, 1.5 mm) precoated PLC plates.
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Silica gel GF (2.0 mm) precoated PLC plates were obtained from Analtech, 
Inc.* Newark, New Jersey. Dry-column silica gel ( activity III) 
was purchased from ICN Pharmaceuticals, Inc., Cleveland, Ohio, Dry- 
column aluminum oxide ( activity III) was obtained from Waters 
Associates, Inc., Framingham, Massachusetts.
Literature methods were used to prepare the complexes IrX(CO)- 
(PPh3 ) 2 [X = Cl , 60 Br,61, I , 61 C(CN)3 ,S£ and NCS63], IrCl(CO)(AsPh3 ) 2 , 61 
IrCl(CO)(FMePh2 ) 2 , 64 IrH(CO)(PPh3 ) 3 , 65 IrH(CO)-(PPh3)2,ss IrClN2 (pPh3 ) 27 4 »75  
[lr(diphos)s]Cl, 76 RhX(CO)(PPh3 ) 2 (X = Cl , 67 Br,67, I,67, NCS , 67 and 
C10468), RhCl(pph3 ) 3 , 69 Pt(PPh3 ) 4 , 70 Pt(CO)2(PPh3 ) 2 , 71 and AuCl(PPh3 ) . 63
The nickel complex, Ni(C0)2 (diphos), was purchased from Alfa 
Inorganics and used without further recrystallization.
B. Instrumentation
Infrared spectra in the 1*000-200 cm- 1 region were measured on 
a Perkin-Elmer 621 grating infrared spectrophotometer using cesium 
iodide plates for solid nujol mulls. Matched 0.9 nun sodium chloride 
cells were employed for solution spectra in the 1*0 0 0 -6 0 0 cm" 1 region.
Raman spectra were obtained as powder samples on a JEOL JRS-Sl laser 
Raman Spectrophotometer with an argon laser. Spectral band intensities 
and band widths are described by the following abbreviations: s-strong;
vs-very strong; m-medium; w-weak; sp-sharp; br-broad; and sh-shoulder.
Band positions are reported In cm'1.
A Beckman Model DB spectrophotometer was used to record 
visible and near-ultraviolet spectra.
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The proton nmr spectra were measured in CDC13 on a Perkin- 
Elmer R12B spectrometer at 60 MHz and a Varian model HA-100 spectrometer 
at 100 MHz.
Thermal information was obtained from a Fisher-Johns Melting 
Point Apparatus, a Dupont 900 Thermal Analyzer equipped with a differen­
tial scanning calorimeter, (DTA), and a Dupont 950 Thermogravimetric 
Analyzer, (TGA).
A Hewlett-Packard Model 302 Vapor Pressure Osmometer with a 
nonaqueous 37° C probe was used to determine molecular weights. Cali­
bration plots were made using 0.005-0.010 M benzil in benzene and 
chloroform.
Elemental analyses were performed by Mr. R. Seab, Department 
of Chemistry, Louisiana State University-Baton Rouge, and Galbraith 
Laboratories, Knoxville, Tennessee.
C. General Preparative and Purification Techniques
Reactions were carried out in deoxygenated solvents under an 
inert atmosphere (Ar or N£) using Schlenk glassware.72 In many cases, 
the product of the reaction precipitated in the reaction mixture, 
whereupon it was collected by filtration for further purification via 
recrystallization from the appropriate solvent system. Such a work-up 
was carried out in Schlenk apparatus under an inert atmosphere for 
air-sensitive products. If the product did not precipitate during the 
course of the reaction, a hydrocarbon solvent such as hexane or petro­
leum ether was added to the mixture to induce precipitation.
Most of the reactions yielded only one major product, and 
this was recrystallized, dried under vacuum, and submitted for elemental
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analysis. However, when mixtures were obtained, several methods were 
attempted for separation and identification of individual products.
In some cases, fractional crystallization would effect a separation.
Column or preparative layer chromatography (PLC) was utilized if the 
mixture could not be separated by fractional crystallization. The best 
combination of solvent and adsorbent was determined by thin layer 
chromatography (TLC). If TLC indicated that separation was feasible, 
and if a sufficient quantity of the mixture was available, column 
chromatography was then employed. There was usually less decomposition 
of these metal complexes on a column than on a preparative layer plate.
A cohim was prepared from a slurry of adsorbent and petroleum ether or 
hexane. A concentrated solution of the mixture was applied to the top 
of the column and eluted with an appropriate solvent. Preparative 
layer chromatography was used for small samples and difficult separa­
tions. A solution of the mixture was applied in a uniform band 1 cm 
from the bottom of the plate using a CAMAG Chromatocharger by Firmenlch. 
The plate was developed in an enclosed glass tank containing a shallow 
pool of eluent.
A relatively new chromatographic technique known as "dry- 
column" chromatography was also used for separations. Details of this 
method are given in an article by loev and Goodman. 73 The resolution of 
bands for a multicomponent mixture is not as good as using this technique. 
However, for a simple mixture, such as one containing well separated 
components, dry-column chromatography is often not as time-consuming 
or as expensive as traditional column chromatography.
III. EXPERIMENTAL - SULFUR DICYANIDE REACTIONS
A. Reactions of trans-Irx(CO)L2 [L = PPh3, X = Cl, Br, C(CN)3, NCS;
L - PMePh2, AsPh3 , X *» Cl] with S(CN)2.
1. Preparation and Characterization of the Linkage Isomers IrCl- 
(CN)(SCN)(CO)(PPh3 ) 2 and IrCl(CN)(NCS)(CO)(PPh3 ) 2
Yellow crystals of trans-chlorocarbonylbis(triphenylphOBphine)- 
irldium(l) (0 . 5 9 8 > O.5O mmol) were dissolved in 30 ml of benzene at 
room temperature and to this solution was added 0 .1 0 g (1 .5 mmol) of 
sulfur dlcyanide. As the clear solution was stirred, it began to take 
on a cloudy appearance as a precipitate slowly formed. After 0 . 5  hr of 
stirring, 20 ml of hexane was added to precipitate a white solid (0.40 g, 
93$ which was collected by filtration and washed with hexane. Recrystal­
lization of the product from dichloromethane/tetrahydrofuran produced 
fine white crystals of the S-bonded isomer, mp, 260-265° C (dec).
Anal. Calcd for CsgHgoClIrNaOP^: C, 5!+.19; H, 3 .5O; N,
3.24. Found: C, 53.88; H, 3 .3 3; N, 3 .04.
Infrared (Nujol): 2 I55 w (CN of Ir-CN), 2135 m (CN of Ir-SCN),
2080 vs (CO), 860 w (SCN bend overtone), I41)0, 420 w (SCN bend), and 
310 w (Ir-Cl).
Raman (powder): 2125 m (CN of Ir-CN), 2110 m (CN of Ir-SCN),
2055 m (CO), 875 w (SCN bend overtone), 435 vs (SCN bend), 310 m (ir-Cl), 
and 280 m (ir-S).
A silica gel TLC plate was spotted with a chloroform solution 
of the S-bonded isomer. One spot (R^ = 0.12) was observed after the 
plate was eluted with chloroform.
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Ihermogravimetric analysis of IrCl(CN)(SCN)(CO)(PPh3 ) 2  
showed no weight change in the complex from 25-260° C. In two approxi­
mately equal increments, the complex lost 26# of its weight between the 
temperature ranges 26O-3I50 C and 315-350° C. The complex lost 10# of 
its weight from 350° C to 500 0 C,
When the S-bonded isomer was recrystallized from dichloro- 
methane/methanol, colorless octagonal prisms of the N-bonded isomer 
were produced, mp, >  3OO0 C (dec).
Anal. Calcd for CagHaoClIrNsOPsS: C, 54.19; H, 3*50* N, 3.24;
p, 7.171 S, 3 .7 0 . Found: c, 53-88; H, 3-57; N, 3-27; P, 7.19; S, 4.1 5.
Infrared (Hujol): 2I55 w (CN of Ir-CN), 2115 vs, br (CN of
Ir-NCS), 2075 s (CO), 875 ® (CS), 455 m (NCS bend), and 3 IO m (ir-Cl).
An R^ value of O .3 5 was observed for the N-bonded Isomer on
a silica gel TLC plate eluted with chloroform.
2. Preparation and Characterization of the Linkage Isomers IrCl- 
(CN)(SCN)(CO)(PMePh2 ) 2 and IrCl(CN)(SCN)(CO)(PMeFh2 ) 2
To a 25-ml benzene solution of trans-chlorocarbonylbis- 
(methyldiphenylphosphine)iridlum(l) (0.44 g, 0.67 mmol) was added 
0.10 g (1.3 mmol) of sulfur dlcyanide at room temperature. After 
stirring the yellow-orange solution 0 . 5  hr most of the solvent was
removed using a rotary evaporator. The pale yellow powder which was
left in the flask was washed with hexane and dried Ln vacuo [0 .4 5 g»
91#; mp, I3 5-I380 C (dec)].
Anal. Calcd for Cggl^eClIrN^OP^: C, 47.00; H, 3*54; N,
3 .7 8. Found: C, 46.47; H, 3*52; N, 3 .56.
Infrared (Nujol): 2145 w (CN of Ir-CN), 2121 m, sp (CN of
Ir-SCN), 2070 vs (CO), and 3 I5 m (ir-Cl).
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The proton nmr spectrum of IrCl(CN)(SCN)(CO)(PMePh2 ) 2 in 
CDCI3  includes a triplet at 7-50 t.
Recrystallization of the S-bonded isomer from dichloromethane/ 
methanol produced a pale yellow powder (N-bonded isomer), mp, 9 5 - 9 8 °  c  
(dec).
Anal. Found: C, 46.88; H, 3 .5O; N, 3 .6 3 .
Infrared (Nujol): 2147 w (CN of Ir-CN), 2II5 vs (CN of
Ir-NCS), 2086 vs (CO), 852 ra (CS), and 3 I5 m (Ir-Cl).
A triplet at 7* 55 t was observed in the proton nmr spectrum 
of IrCl(CN)(NCS)(CO(PMePh2 ) 2 in CDCl3.
3 . Preparation and Characterization of the Linkage Isomers IrBr- 
(CN)(sCN)(C0 )(PPh3 ) e  and IrBr (CN)(NCS)(CO)(PPh3 ) 2
To 0.22 g (0.27 nmol) of trans-bromocarbonylbis(triphenyl- 
phosphine)iridium(l) was added 25 ml of benzene and 0 .05 g (0 . 6  mmol) 
of sulfur dlcyanide at room temperature. The mixture was stirred 0 . 5  
hr and the off-white precipitate which had formed was collected by 
filtration and washed with hexane. When dry the precipitate Is a 
cream powder (S-bonded isomer) (0.20 g, 82$), The cream powder was 
recrystallized from dichloromethane/tetrahydrofuran to give small 
cream crystals, mp, 265-267° C (dec).
Anal. Calcd for CagHaoBrlrNsOPsS: C, 51-54; H, 3-33; N,
3.08; mol wt, 9 0 8. Found: C, 5I.3 2; H, 3-59; N, 2.71; mol wt, 890
(CHCI3 ).
Infrared (Nujol): 2I5O w (CN of Ir-CN), 2135 m (CN of Ir-
SCN), 2085 s (CO), 860 w (SCN bend overtone), 4 3 5, ^20 m (SCN bend).
The S-bonded Isomer was recrystallized from dichloromethane/ 
methanol to give the N-bonded Isomer, a cream powder, mp 295-299° C.
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Anal. Found: C, 51.62; H, 5-22; N, 2.78.
Infrared (Nujol): 2 I5O w (CN of Ir-CN), 2105 a (CN of Ir-
NCS), 2085 s (CO), 875 w (CS), and 460 w (NCS bend).
Raman (Powder): 2130 m (CN of Ir-CN), 2085 m (CN of Ir-NCS),
2050 m (CO), 875 w (CS), and 455 w (NCS bend).
4. Preparation and Characterization of Ir[c(CN)3 ](CN)(SCN)(C0)(pPh3 ) 2
The compound trans-trlcyanomethylcarbonyIbis(triphenylphosphine)- 
iridium(l) (O.3O g, O .3 6 mmol) was added to 0.08 g (l mmol) of sulfur 
dicyanide in 30 ml of benzene at room temperature. The mixture was 
stirred 0 . 5  hr and hexane was then added to precipitate the product.
A cream powder was collected by filtration, washed with hexane, and 
dried under vacuum [O.30 g, $*)$» mP» 17°”17^° C (dec)].
Anal. Calcd for C^HaoIrNsOPsS: C, 56.20; H, 3-28; N, 7 .6 3.
Found: C, 56.01; H, 3*24; N, 7*5l*
Infrared (Nujol): 2260 s, 2190 vs (CN of C-CN), 2I55 w (CN
of Ir-CN), 2135 w (CN of Ir-SCN), and 2090 vs (CO).
5. Preparation and Characterization of the Linkage Isomers Ir(NCS)- 
(CN) (SCN)(CO) (PPh3) and Ir(NCS)P(CN) (CO) (PPh3) s
A solution of O .6 5 g (0.81 mmol) of trans-lsothiocyanato- 
carbonylbis(triphenylphosphine)iridium(l) and 0 . 2 1  g (2 . 5  mmol) of 
sulfur dlcyanide in 50 ml of benzene was stirred 1 hr. A white powder 
precipitated and was collected by filtration, washed with hexane, and 
dried under vacuum [0.62 g, 86$; mp, 227-230° C (dec)].
Anal. Calcd for C^oHsoI^NaOPaS^: C, 54.17; H, 3.41; N,
4.7^; mol wt, 8 8 7. Found: C, 53-45; H, 3 .2 3; N, 4 .6 7; mol wt, 880
(benzene).
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Infrared (Nujol): 2146 w (CN of Ir-CN), 2124 m (CN of Ir-
SCN), 2090 vs (CN of Ir-NCS and CO), 2056 m, sh (CO), and 856 w (CS).
Isomerization of the S-bonded thlocyanate ligand of Ir(NCS)- 
(CN)(SCN)(CO)(PPh3)s to an N-bonded thlocyanate ligand occurred with 
recrystallization of the initial precipitate from dichloromethane/ 
methanol. The N-bonded isomer Is also a white powder, mp, 284-287° C.
Anal. Found: C, 53*96; H, 5 .5 5; N, 4.66.
Infrared (Nujol): 2I5U m (CN of Ir-CN), 2103 s, sh (CN of
Ir-NCS), 2090 s (CN of Ir-NCS), 2070 s, sh (CO), and 874, 859 m (CS).
6 . Preparation and Characterization of the Linkage Isomers IrCl- 
(CN)(SCN)(C0 )(A9Ph3)s and IrCl(CN)(NCS)(CO)(AsPh3 ) 2
To a solution of _trans-chlorocarbonylb is(triphenylarsine)- 
iridium(l) (0.28 g, 0.32 mmol) in 30 ml of benzene at 50 C was added 
0.08 (1 mmol) of sulfur dicyanide. The mixture was stirred 0.1 hr, 
then the ice bath was removed and stirring was continued an additional
0.5 hr. The pale yellow precipitate was collected by filtration, 
washed with hexane, and dried under vacuum overnight [0.25 S> 71$» ®P» 
230-2320 C(dec)].
Anal. Calcd for CagHaoIrN^OAssS: C, 49.19; H, 3.18; N,
2 .9 4 . Found: C, 49.58; H, 3 .18; N, 2 .9 I.
Infrared (Nujol): 2 I5O , 2144 w (CN of Ir-CN), 2134 m (CN of
Ir-SCN), 2070 s (CO), 866 w (SCN bend overtone), 433> ^ 3  w (SCN bend), 
and 339 s (Ir-Cl).
The N-bonded isomer was formed by adding the S-bonded isomer 
to a 1 /1 dlchloromethane/methanol mixture and allowing the solution to 
stand for two days. Removal of the solvent yielded a pale yellow powder, 
mp, 290-295° C(dec).
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Anal. Found: C, 48.43; H, 3.22; N, 2.9k.
Infrared (Nujol): 2146 w (CN of Ir-CN), 2100 s (CN of Ir- 
NCS), 2060 s (CO), 875 w (CS), W  w (NCS bend), and 3 3I s (ir-Cl).
B. Reaction of IrH(CO)(PPh3 ) 3 and s(C N )2
A 20-ml dichloromethane solution of sulfur dlcyanide (0.12 g,
1.3 mmol) was cooled to -50° C. To this clear solution was added 
0*50 8 (0*50 mmol) of hydridocarbonyltris(triphenylphosphlne)iridium(l).
At this temperature, the metal complex remained as a yellow suspension; 
however, as the mixture was allowed to slowly return to room tempera­
ture, the yellow suspension became a pale yellow solution. The solution 
was stirred at room temperature for 0 . 5  hr , after which time 15 ml of 
solvent was removed using a rotary evaporator. Addition of hexane to 
the solution produced pale yellow crystals which were collected by fil­
tration and washed with hexane. The crystals were dried under vacuum 
before being submitted for elemental analysis [O.3 2 g, 77$; mp, 120-124° C 
(dec)].
Anal. Caldd for CaeHajIrNsOP^S: C, 56.44; H, 3-771 N,
3-39; mol wt, 83O. Found: C, 60.60; H, 4.24; N, 2 .9 5; mol wt, 83O
(chci3).
Infrared (Nujol): 2141 w, 2111 m, sp, 2O5O s, br, w,
810 w, 5 *^  w » ^20 w.
The hlgh-fleld proton nmr spectrum of the pale yellow crys­
tals in dichloromethane showed two overlapping triplets at 1 8 .2 7 t  tJ(P"
H) 16 Its] and 18.42 t  [j(P-H) 16 Hz], A TGA scan of the crystals gave 
the following results: 11$ weight loss from 120-225° C; 30$ weight
loss from 225-300° C; and 17$ weight loss from 3OO-5OO0 C. TLC showed
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that the crystals were heterogeneous (slLica gel, R^ = 0.16, 0 .9 3 , 2 0 /1  
dlchloromethane/methanol).
Hie reaction was repeated in order to obtain a sufficient 
quantity of the mixture to separate the components by PLC. A silica 
gel PLC plate was streaked with a dichloromethane solution of the mix­
ture, and then the plate was eluted with 2 0 /1 dlchloromethane/methanol. 
The two bands having ranges of O.I9-O.2 5 and O.75-O .9 4 were removed 
from the plate and extracted with dlchloromethane/methanol. A dichloro­
methane solution spectrum of the substance extracted from the top band 
showed no infrared absorptions In the 2000-2300 cm- 1  region. The lower 
band yielded a pale yellow powder, mp, 127-131° C.
Anal. Calcd for C39H3 ;iIrN20P2S: C, 5 6.Mi; H, 3.7Ti N,
3 .3 8; P, 7-46; S, 3 .8 6 . Found: C, 5 8.20; H, 3 .9O; N, 3.20; P, 8.32;
S, 6 .5 4.
Infrared (Nujol): 2145 m, 2115 m » 2062 s, 2038 s.
The high-field nmr spectrum of the pale yellow powder was 
identical to that observed for the mixture.
C. Reaction of IrH(C0)2 (PPh3)>? and S(CN) 2
To a 30-ml dichloromethane solution of hydridodicarbonylbis- 
(triphenylphosphine)iridium(l) (0.50 g, O .6 7 mmol) was added O.I5 g 
(1.8 mmol) of sulfur dlcyanide at room temperature. Gas evolution 
occurred when the two reactants were mixed and the solution changed 
from pale green to pale yellow. Stirring was continued for 0.5 hr and 
then hexane was added to precipitate a pale yellow solid which was col­
lected on a frit filter, washed with hexane, and dried in vacuo [0.48 g, 
8 6 mp, 227-2300 C (dec)].
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Anal. Calcd for C 4OH3oXrNs0PaS2: C, 54.17; H, 3.41; N,
4.74. Found: c ,  53.76; H, 5.59; N, 4.73-
Infrared (Nujol): 2142 m (CN of Ir-CN), 2120 m, sh (CN of 
Ir-SCN), 2100 s, sh (CN of Ir-NCS), 2085 s (CO), 2050 m, sh (CO), 855 m 
(CS), 455 M (NCS bend), and 420 w (SCN bend).
D. Reaction of £rans-IrClNa (PPh3 ) 2 and s(CN) 2
To a 100-ml toluene solution of trans-chloro(dlnltrogen)bla- 
(triphenylphosphine)iridium(l) {1 .5 g, 1 .9 mmol) was added 0 .1* g (5  
mmol) of sulfur dlcyanide at 0° C. Gas evolution occurred when the 
two reactants were mixed. As stirring continued for 1 hr , the mixture 
turned from yellow to dark brown. The contents of the flask were cooled 
to -5O0 C by submerging the lower half of the flask in a Dry Ice- 
acetone bath. Filtration of the mixture produced a yellowish-brown 
powder (0.55 S> 22$), the infrared spectrum of which showed it to be 
unreacted IrClNE(PPh3)2. The filtrate was reduced in volume to 20 ml 
and petroleum ether was added to induce precipitation. Filtration of 
the mixture yielded 0.90 g (60$) of golden-yellow powder, mp, 265-275° C 
(dec, DTA).
Anal. Calcd for CaeH^ClIrNsPsS: C, 54.57; H, 3.62; N, 3 .3 5;
mol wt, 8 3 6. Found: C, 54.31; H, 3-68; N, 3 .10; mol wt 860 (CHCl3).
Infrared (Nujol): 2154 m, and 2125 m (CN of S-CN).
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E. Reaction of trans-Rhx(C0)(PPh3)s (X = Cl, Br) and S(CN)e
1. Preparation and Characterization of the Linkage Isomers RhCl- 
(CN)(SCN)(CO)(PPh3)e and RhCl(CN)(NCS)(CO)(PPh3)s
To a solution of trans-chlorocarbonyIblsftriphenylphosphine)- 
rhodium(l) (O.5O g, 0.72 mmol) in 30 ml of benzene at room temperature 
was added 0.17 g (2.0 mmoles) of sulfur dlcyanide. After one minute of 
stirring, the solution became cloudy. The mixture was stirred 0 . 5  hr, 
and then the precipitate was collected by filtration, washed with 
hexane, and dried in vacuo. The reaction yielded 0.1+5 g (80$) of a 
bright yellow powder, mp, 17U-1770 C (dec).
Anal. Calcd for C3gH3oClRhN20P£S: C, 60.1+3* H, 3*9l» N, 
3.62; mol wt, 7 7 5. Found: c, 6 0.7O; H, 3*90; n, 3-56; mol wt, 7i+0 
(CHCIa).
Infrared (Nujol): 2155 w (CN of Rh-CN), 2I3 9, 2I3 I m (CN of
Rh-SCN), 2121 s (CO), and 1+35, ^ 9  w (SCN bend).
Recrystallization of the S-bonded isomer from dichloromethane/
j’
methanol gave the impure N-bonded isomer as a deep yellow powder, mp, 
215-2250 C (dec).
Infrared (Nujol): 2I3O vs, br (CN of Rh-CN and CO), 2105 vs,
sh (CN of Rh-NCS), 855 w (CS), and 3I+5 m (Rh-Cl).
2. Preparation and Characterization of RhBr(CN)(SCN)(CO)(PPh3)2
Yellow crystals of trans-bromocarbonylb is(triphenylphosphlne)- 
rhodium(l) (O.I5 g, 0 .2 0 mmol) and sulfur dicyanide (0.05 g, 0 . 6  mmol) 
were stirred together in 30 ml of benzene for 0 . 5  hr. There was no 
immediate color change, but as stirring continued the solution darkened. 
Addition of 25 ml of hexane to the reaction mixture produced a bright
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yellow precipitate (S-bonded Isomer) which was collected by filtration, 
washed with hexane, and dried under vacuum. This procedure yielded 
0.15 g (91$) of impure RhBr(CN)(SCN)(CO)(PPh3)2, mp, 166-I690 C.
Infrared (Nujol): 2 I5O w (CN of Rh-CN), 2I35 m (CN of Rh-SCN),
and 2100 s (co).
Recrystallization of the S-bonded isomer from dichloromethane/ 
methanol resulted in decomposition of the complex.
F. Reaction of RhCl(PPh3 )3 and S(CN)s
Deep red crystals of chlorotris(triphenylphosphlne)rhodium(l) 
(1.0 g, 1.1 mmol) were dissolved in U5 ml of toluene. Sulfur dlcyanide 
(0 . 2 5  g, 5*0 mmol) was added to this solution and the two reactants 
were stirred 1 . 5 hr. The deep orange precipitate that had formed was 
collected by filtration, washed with hexane, and dried in a vacuum des- 
sicator [O.3 5 g, 43#; mp, 169-173° c (dec)]>
Anal. Calcd for CaaHaoClRhNgP^: C, 61.09; H, 4.02; N,
3.751 mol wt, 746. Found: C, 59-12; H, 3-90; N, 4.22; mol wt, 935
(CHCI3 ).
Infrared (Nujol): 2125 s, br, 2100 s, br, and 85O w.
The filtrate was reduced in volume to 10 ml and hexane (10 ml)
was added to precipitate a deep yellow solid. The mixture was kept at
-20° C for 12 hr. The precipitate was collected on a filter, washed 
with hexane, and dried in vacuo [O.3 8 g, 46$; mp, I5O-I540 C (dec)].
Anal. Found: 59.09; H, 3 .99; N, 3 .I3 .
Infrared (llujol): 2 I55 m, 2I3O m, 2100 m, 85O w.
G. Reaction of Pt(pph3 ) 4 and s(CN)2
The compound tetrakis(triphenylphosphlne)platinum(o) (0.60 g,
0.48 mmol) and sulfur dicyanide (0 . 1 0 g, 1.3 mmol) were stirred in 
50 ml of toluene at 50 C. The mixture became cloudy after two minutes 
of reaction time. Stirring was continued an additional 1 hr after 
which time the mixture was filtered. A pale yellow powder was collected 
washed with hexane, and dried under vacuum [O.3O g, 78$; mp, 280° C (dec 
DTA)].
Infrared (Nujol): 2 U 8 , 2 I33 w (CN of Pt-CN), 2109 s, br
(CN of Pt-NCS), 865 w (CS), 5^ +0 vw (unknown), and 480 w (NCS bend). 
Infrared (benzene): 2136 w (CN of Pt-CN), and 2100 s, br (CN of Pt-NCS)
Raman (powder): 2130 w (CN of Pt-CN), 2085 m (CN of Pt-NCS),
855 w (CS), 540 m (unknown), and 490 w (NCS bend).
Recrystallization of the pale yellow powder from dichloro­
methane /tetrahydrofuran afforded small white crystals.
Anal. Calcd for Cgo^oPtNaP^: C, 5 6.7 8; H, 3-76; N, 3.49;
mol wt, 8 0 3. Found: C, 5 6.5 9; H, 3 .6 3 ; N, 3.37; mol wt, 810 (benzene).
Infrared (Nujol): 2141 m (CN of Pt-CN), 2108 s, br (CN of
Pt-NCS), 860 w (CS), 5I1O vw (unknown), and 1)75 w (NCS bend).
The white crystals were homogeneous according to TLC (silica gel, 
R^ * 0.18, 1/4 hexane/chloroform).
H. Reaction of Pt(C0)3 (pPh3 ) 2 and s(CN)?
To a solution of 0.30 g (0*39 mmol) of dicarbonyIbis(triphenyl 
phosphlne)platinum(o) In 56 ml- °f toluene at 5° C was added 0 . 1 0  g (1 .2  
mmol) of sulfur dlcyanide. Immediately the solution turned pale green
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and foaming occurred. The mixture was stirred O .25 hr, and then I5 ml 
of solvent was removed using a rotary evaporator. Addition of 50 ml of 
methanol produced a pale green powder which was collected by filtration, 
washed with 30 ml of methanol, and dried in vacuo [0 .2 0 g, 64$; mp,
260° C, 280° C (dec, DTA)].
Infrared (Nujol): 2145 m (CN of Pt-CN), 2100 s, br (CN of
Pt-NCS), 860 w (CS), and 490 w, sh (NCS bend). Infrared (benzene):
2136 w (CN of Pt-CN) and 2100 s, br (CN of Pt-NCS).
Recrystallization of the initial precipitate from dichloro- 
methane/methanol yielded white crystals, mp, 240°, 285° C (dec, DTA).
Anal. Calcd for CaeHaoPtN^PsS: C, 56.78; H, 3-76; N, 3 .4 9.
Found: C, 56.091 H, 4.13; N, 3 .3 4.
Infrared (Nujol): 2151, 2145 m (CN of Pt-CN), 2100 s, br
(CN of Pt-NCS), 875 w (CS), and 485 w> sh (NCS bend).
A silica gel thin layer plate was spotted with a chloroform 
solution of the original precipitate and the recrystallized product. 
After eluting the plate with 1/4 hexane/chloroform, one spot (R^ «
0.18) was observed for both the original and recrystallized products.
The original precipitate (~.05 g) was dissolved in 5 ml 
chloroform and left to sit for 12 hr. The solvent was stripped from 
the solution leaving a pale green powder, mp, 285° 0 (dec, DTA).
1. Attempted Reaction of AuCl(PPh3) and s(CN)?
The white crystalline complex chlorotriphenylphosphinegold(l) 
(0 .3 0 g, 0 .6 1 mmol) was dissolved in 30 ml of benzene at room tempera­
ture. To this solution was added excess sulfur dlcyanide (0.6 g, 7 
mmol). No visible change in the mixture was observed during 0 . 5  hr. of
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stirring. Addition of hexane to the contents of the flask produced a 
white precipitate. An infrared spectrum of the powder showed It to be 
the starting material, AuGl(PPh3).
IV. RESULTS OF SULFUR DICYANIDE REACTIONS
A number of new complexes containing both a cyano-and thio- 
cyanato-ligand have been prepared from the reaction of sulfur dlcyanide 
with some iridium(l), rhodium(l), and platinum(o) substrates. The com­
pounds are well crystallized, stable to air in the solid state, and 
range in color from white to various shades of yellow. Linkage iso­
merization of the S-bonded thlocyanate ligand in the initially isolated 
Iridium and rhodium complexes MX(CN)(SCN)(CO)L£ [M = Ir, X = Cl, L =
PPh3, PMePhg, AsPh3; M = Ir, X = Br, NCS, C(CN)3 , L - PPh3; M = Rh,
X “ Cl, L B PPh3] occurred when the complexes were recrystallized from 
dlchloromethane/methanol. An isomerization study of IrCl(CN)(SCN)(coJ- 
fPPl^^ showed that the complex remained unchanged when heated to I5O0 C, 
refluxed in benzene for 30 hr, or dissolved in the solvent systems 1/h 
dichloromethane/tetrahydrofuran and 1/1 acetonltrlle/benzene. Irradia­
tion of an acetone solution of the complex with a sun lamp for 0 . 5  hr 
produced a mixture of products, none of which were the result of linkage 
isomerization only. The platinum(ll) complex ^rans-Pt(CN)( NCS) (pph3 ) 2 
was obtained from the reaction of sulfur dicyanide with Pt(PPh3 ) 4 and 
Pt(CO)£(PPh3)£. Sulfur dlcyanide reacted with IrClN£(pPh3) p to yield 
the complex IrCl£s(CN)£](pph3)2. The rhodium and iridium compounds 
which reacted with S(CN)£ but did not afford well-characterized prod­
ucts are RhX(CO)(PPh3)£ (X = I, NCS, C104), RhCl(PPh3)3 , and IrH(CO)- 
(PPh3)3. No reaction was observed to occur between the gold(l) complex 
AuCl(PPh3 ) and sulfur dicyanide. Tables IV and V contain pertinent 
data for the new complexes.
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TABLE IV
PROPERTIES OF SOME SULFUR DICYANIDE COMPLEXES OF IRIDIUM, RHODIUM, AND PLATINUM
Color
Mp. °C 
dec
vCO vCNb
£
Infrared Bands ----------
Other
IrCl(CN)(SCN)(C0)(PPh3)P White 260-265 2080 2155,2135 2 fiSCN*®S* 8SCN,1;i|0,Jf20 
Vlr-Cl’3i0
IrCl(CN)(NCS)(CO)(PPh3)2 Colorless >  300 2075 2155 ,2115 vrQ, 875i 6 , 1+55;
W * 0
IrCl(CN)(SCN)(CO)(PMePhp)a Pale
Yellow
135-153 2069 211*5,2119 vIr-Cl^15
IrCl(CN)(NCS)(CO)(PMePhs)s Pale
Yellow
9 5 .9 8 2086 211*7,2115
vc s> 8521 V - c i ’315
IrBr(CN)(SCN)(CO)(PPh3)£ Cream 265-267 2085 2150,2135 2 6SCN’8601 W 435* ^
IrBr(CN)(NCS)(CO)(PPh3)s Cream 295-299 2085 2150 ,2105 VCS’8^ ’ 6NCS’48°
Ir[C(CN)3](CN)(SCN)(CO)(PPh3)2 Cream 170-171* 2090 2155,2135 CvCN, 2260,2190
Ir(NCS)(CN)(SCN)(CO)(PPh3)£ White 227-230 2090 211*6,2121* vc s , 8 ^ ; vc n ,2 °^ 1
Ir(NCS)2(CN)(CO)(PPh3)2 White 281|-287 2070 2154,2103 vc s ,874,859; dvCN»2090
IrCl(CN)(SCN)(CO)(AsPh3)s Pale
Yellow
230-232 2070 2141*) . 
2 I5 0 ) * 5 2 6SCN’888* fiSCN^53*4l3: 
Vlr-Cl’538
IrCl(CN)(NCS)(CO)(AsPh3)£ Pale
Yellow
290-295 2060 211*6,2100
VCS,860; aNCS,WOt 
VIr-Cl
TABLE IV - Continued 
IrCl[S(CN)2](PPh3)£
RhCl(CN)(SCN)(CO)(PPh3)£
RhCl(CN)(NCS)(CO)(PFh3 ) 2 
RhBr(CN)(SCN)(CO)(PPh3)£ 
Pt(CN)(NCS)(PPh3 ) 2
a. Nujol mull spectra.
b. C-N stretch of coordinated
c. C-N stretch of coordinated
d. C-N stretch of coordinated
e. C-N stretch of coordinated
f. C-N stretch of coordinated
Golden 265-275
Yellow
Yellow 174-177 2121
Yellow 215-225 2130
Yellow 166-169 2100
Pale 256-260
Yellow
CN and coordinated SCN or NCS. 
C(CN)3.
NCS.
S(CN)a.
CN is masked by vnri.
CO
2154 ,2125
Piss 2 l5 9 )  2 I 5 5 »2131)
f 2005
2150,2135
2141,2108
VCS’85°
vc s ,8 6 0 ; 6n c s ’ ^ 5
vjj\0
to
t a b l e V
NEAR ULTRAVIOLET AND VISIBLE SPECTRA OF SULFUR DICYANIDE COMPLEXES
Complex Solvent X (nm) emax
lrCl(CN)(SCN)(CO)(PPh3 ) 2 Benzene 5 3 0(ah)
305
6 .1xl03
l.lxlO4
IrCl(CN)(NCS)(CO)(PPh3 ) 2 Benzene 305 l.lxlO4
IrBr(CN)(SCN)(CO)(PPh3 ) 2 Benzene 330(sh)300
3.9xl03
7 .8xl0 3
IrBr(CN)(NCS)(CO)(PPh3 ) 2 Benzene 300 8 .Ox103
Ir[C(CN)3 ](CN)(SCN)-
(CO)(PPh3 ) 2 Benzene
330(sh)
305
2 .7xl03
5.9xl03
Ir[C(CN)3 ](CN)(NCS)-
(CO)(PPh3 ) 2 Dichloromethane 300 1.3xl03
Ir(NCS)(CN)(SCN)(CO)(PPh3 ) 2 Benzene 3 3 0(sh)305
2 .6xl0 3
U.2xl0 3
Ir(NCS)2 (CN)(CO)(PPh3 ) 2 Benzene 310 l.lxlO4
IrCi(CN)(SCN)(CO)(AsPh3 ) 2 Benzene 34'3(0h)305
6 .lxlO3 
l.OxlO4
IrCl(CN)(NCS)(CO)(AsPh3 ) 2 Benzene 310 1.2x104
IrCl[s(CN)2](PPh3 ) 2 Benzene 305 U.5xi0 3
RhCl(CN)(SCN)(CO)(PPh3 ) 2 Benzene t o o (sh)
330
4.6xl03 
2.lxlO4
RhCl(CN)(NCS)(CO)(PPh3 ) 2 Benzene 310 3 . 8 x 1 0 3
Pt(CN)(NCS)(PPh3 ) 2 BenzeneAcetonltrile
300
300
3.7xl03
1.9xl0 3
V. DISCUSSION OF SULFUR DICYANIDE REACTIONS
A. Iridium Chemistry
Reactions reported in this Dissertation indicate that sulfur 
dicyanide acts as a pseudohalogen and reacts with coordinatively un­
saturated noble metal substrates via an oxidative addition process 
(eq. 2 5) to give six-coordinate cyano(thiocyanato)-complexes. Halogens
SCN
C  (25)
CN
as well as pseudohalogens such as perfluoroalkyls are known to add to 
trans-IrCl(CO)(PPhQP to form six-coordinate iridium(lll) complexes 
containing trans halide or pseudohalide entering ligands.77" When the 
pseudohalogen sulfur dicyanide was added to a benzene solution of trans- 
IrCl(CO)(pPh3 )a, the yellow color disappeared and slowly a white powder 
precipitated from the solution. The off-white powder isolated from the 
reaction is stable to 260° C. Thin layer chromatographic data shows 
that the product is homogeneous. Some structural features of the prod­
uct were ascertained from infrared spectral data, Figure 3 . One possible 
mode of bonding to the iridium metal atom is through the sulfur atom of 
S(CN)a. N C y C N
o c ^ , T ^ p p h 5  
P h 3 P ^  ^ c i
This structure is analogous to the five-coordinate sulfur dioxide adduct 
of trans-IrCl(CO)(PPh3)2, Figure 1. Table VI gives the carbonyl stretching 
frequencies for some typical five- and six-coordinate iridium(l) and
hi
FIGURE 3
Selected Infrared and Raman Absorptions of the Complex 
IrCl(CN)(SCN)(CO)(PPh3)e 
(Kujol Mull Infrared Spectrum and 
Powder Raman Spectrum)
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TABLE VI
CARBONYL STRETCHING FREQUENCIES OF SOME FIVE- AND 
SIX-COORDINATE IRIDIUM(l) AND (ill) COMPLEXES
Complex (cm-1) Ref.
------- - --------------Five-Coordinate Complexes---------------------
IrCl(C0)(S02)(PPh3)2 2020 78
IrH(C0)(PPh3)3 1930 79
Irl(CO)2(pPh3)2 1995, 1935 80
Six-Coordinate Complexes
IrC13 (CO)(PPh3 ) 2 2078 78
IrCl2(SnCl3)(CO)(pPh3)2 2077,2072 81
IrClBr2(CO)(PPh3)2 2075 78
IrC1I2(C0)(PPh3)2 2065 78
IrCl(CN)(HgCN)(CO)(PPh3)s 2070 82
IrCl(CNS)(HgCNS)(CO)(PPh3 ) 2 2066 82
IrCll(CF3 )(CO)(PPh3 ) 2 2060 83
*+5
(£11) complexes containing at least one carbonyl ligand. The six- 
coordinate complexes containing several strong electron-withdrawing 
groups such as halides or pseudohalldes have carbonyl stretching fre­
quencies in the 2060-2080.cm" 1 range. In the five-coordinate complexes, 
Vqq i-3 significantly lower. Based on this information, the Infrared 
band at 2080 cm"1 in the white product is assumed to be the carbonyl 
stretching frequency of a six-coordinate complex (see Figure 3)* An 
obvious way to form such a six-coordinate, iridium(ill) complex in this 
reaction would be for the sulfur dicyanide molecule to split into the 
CN and SCN moieties, which could then add to the substrate to give 
IrCl(CN)(SCN)(CO)(PPh3)s.
Bonding of the ambidentate thiocyanate ligand to a metal ha3 
been found to occur in the following three ways: sulfur-bonded M-SCN;
nitrogen bonded M-NCSi and bridging M-SCN-M?4 The symbol CNS Is used if the 
bonding mode of the thiocyanate ligand has not been determined or if 
the ion is not coordinatlvely bound. Elemental analysis and molecular 
weight data show the white product to be a one-to-one adduct of sulfur 
dicyanide and IrCl(CO)(PPh3)2; therefore, the thiocyanate ligand does 
not serve as a bridging group. The thlocyanato-S and thiocyanato-N 
isomers can be differentiated by considering the infrared vibrational 
modes of the thiocyanate ligand. The "free" thiocyanate ion in the 
potassium salt KCNS has infrared absorptions at 2053 cm- 1  (vi), *+8 6 ,
1*71 cm" 1 (vg) > and 7U6 cm- 1  (v3 ) . 84 The normal modes of vibration for 
the linear trlatomlc molecule NCS are:
N-C-S vi, pseudo-asymmetric stretch (v«M)wN
r h  (6ncs>
iJ-C-S v3 , pseudo-sytmnetric stretch (vcg)
ij-6
The resonance contributions for the thiocyanate ion as calculated by 
Jones are N=C-S~, 71$; -N=C=S, 12$; 2"N-C=S+ > 17$ . 85 Coordination of 
the thiocyanate group through sulfur would increase the resonance con­
tribution of N=C-S and would decrease the CS bond order. This, in 
turn, would cause a decrease in the vibrational frequency V3 . The op­
posite effect would be expected for metal-nitrogen bonding of the 
thiocyanate group. Turco and Pecile were among the first to use this 
criterion for distinguishing between metal-sulfur and metal-nitrogen 
thiocyanate bonding. 86 They found that in general the carbon-sulfur 
stretching frequency (v3) for N-bonded thiocyanates occurs in the range 
780-860 cm- 1  and for S-bonded thiocyanates in the range 690-720 cm-1.
For bridging thiocyanates, \i is usually in between these two ranges. 04
vb
When using this criterion, one must keep in mind that this band is 
often of low intensity and can be masked by the presence of organic 
ligands or counter-ions. In addition, the overtone (2\>s) occurs
in this region, 8 1 0 -8 8 0 cm”1, and could be mistaken for v3*
The carbon-nitrogen stretching frequency (vi) has also been 
used as a diagnostic tool for determining the mode of bonding of the 
thiocyanate ligand. Mitchell and Williams found that in general, the 
frequency of this band Increases in the order CNS <  M-NCS £ M-SCN < 
M-SCN-M. 07 Burmeister and coworkers noted that for N-bonded compounds, 
the integrated intensity of is an order of magnitude larger than 
for S-bonded thiocyanates. 88 This difference in intensity can be ex­
plained in terms of the resonance contribution of the thiocyanate ton 
mentioned previously. In the case of the N-bonded thiocyanate, as the 
CN bond order is decreased, the dipole moment and its rate of change 
will increase during vibration giving rise to an increase in absorption 
intensity. 04
Several authors have mentioned the use of the NCS bending 
mode, \j£, as an indicator of bonding mode. 8 7 *89"91 For sulfur-bonded 
thiocyanates, \j£ occurs in the range 1+10-1+1+0 cm- 1  with weaker satellites 
at higher frequencies. Isothiocyanates have a single band in the 1+60- 
1+90 cm- 1  region.
If all three of the normal modes of vibration are considered,
the mode of bonding of the thiocyanate ligand can usually be assigned.
The complex IrCl(CN)(CNS)(CO)(PPh3)2 has the infrared spectrum shown in
Figure 5 • The weak absorption at 2ly> is in the range for of a
cyanide ligand bonded to a metal thus it has been assigned to the Ir-CN
linkage. The remaining band in the cyanide stretching region at
2155 cm" 1 has been assigned to the sulfur-bonded thiocyanate ligand,
even though the absorption is slightly higher in energy than v ™  for
CN
sulfur-bonded thiocyanates in general. Assignment of the S-bonding 
mode of attachment of the SCN ligand assumes the presence of a CS 
stretching frequency near 700 cm"1. Unfortunately, this absorption 
cannot be observed because of the strong triphenylphosphine absorptions 
in this region. The two weak bands at 1+20 and 1+1+0 cm" 1 (1+55 cm" 1 Raman) 
have been assigned to an SCN-bending mode (va). The weak band at 860 
cm- 1  which might be mistaken for v^g of an N-bonded lsothlocyanate li­
gand is an SCN-bend overtone.
When the S-bonded complex IrCl(CN)(SCN)(CO)(PPh3 ) 2 was recrys- 
talllzed from a mixture of dichloromethane and methanol, a new complex 
formed. The infrared spectrum of this complex is shown in Figure 1+. 
Instead of the medium sharp infrared band at 2155 cm"1, there is a 
strong broad band at 2II5 cm" 1 indicating a change from S- to N-bonding 
of the thiocyanate ligand. Further evidence supporting this isomeri­
zation is the presence of infrared absorptions at 875 cm" 1 (v™) and
CS
FIGURE 4
Selected Infrared Absorptions of the Complex 
IrCl(CN)(NCS)(CO)(PPh3)?
(Nujol Mull)
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1*55 cm"1 A number of factors influence the mode of bonding of
the thiocyanate ligand in coordination compounds. Pearson explains the 
preference for nitrogen or sulfur bonding in terms of hard and soft 
acids and bases when thiocyanate is the only ligand in the complex. 92  
He suggests that the soft sulfur atom will prefer to coordinate with 
soft acids (class b metals) whereas the hard nitrogen prefers hard 
acids (class a metals). Table VII lists some examples of N- and S- 
bonded thiocyanate complexes and their vibrational frequencies in­
volving the thiocyanate ligand(s). Replacement of several of the thio­
cyanate ligands with good TT-bonding groups such as tertiary phosphines 
causes a change in the thiocyanate bonding mode. 86 As an example,
[Pt(SCN)4] is S-bonded whereas Pt(PR3 )a(NCS)2 is N-bonded. There are 
two sets of antibonding TT orbitals localized on the sulfur atom of the 
SCN group. 93 The metal can donate electron density from its filled d 
orbitals to these antibonding orbitals as well as the empty d orbitals 
of sulfur. However, the factor of additional stability will be impor­
tant only if the metal d electrons are available for donation or if 
their relative energies are compatible with the antibonding TT-orbitals 
of the thiocyanate. Strong TT-acceptor ligands such as tertiary phos­
phines tend to change the character of the metal from a soft to a hard acidj 
and consequently the nitrogen end of the SCN ligand will become favored.
Steric factors may also influence the mode of bonding of the 
SCN ligand. The M-SCN group is always bent while the M-NCS linkage can 
be linear or bent." In the complex [Pd(dien)(SCN)]N03 , the dien li­
gand, diethylenetriamine, is not capable of forming TT-bonds with palla­
dium; therefore, the thiocyanate ligand remains S-bonded. 100 By 
replacing the organic ligand dien with the bulky (C2H5)4dien group, the 
thiocyanate is forced to bond to palladium through the nitrogen atom 
because of steric requirements.
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TABLE VII
VIBRATIONAL FREQUENCIES OF THE THIOCYANATE LIGAND IN SOME 
S- AND N-BONDED THIOCYANATE COMPLEXES
Complex VCN 6NCS (cnrl) vc s Ref,
■S-Bonded Complexes -
K2[Pt(SCN)6] 2126(9) 
2119 (m) 
2076 (w)
427 (m)
419(s )
694(w ) 86
cis-CPd(phen)(SCN)2]a 21l6 (s,sp) 418 (m) 
460 (raw)
697(w) 106
[IrtHHaJgtSCN)]®** 2110(s,sp) b 700(m) 107
[CofNHsistSCN)]^ 2 1 0 0(9 ,sp) 480 (w) 
459(w ) 
426(m)
710 94
Hg(SCN) 2 2118 437
421
716 95
■N-Bonded Complexes-
cis-[Pt(PEt3 )£(NCS)2J 2116 b 848 88
2107 830
D*(PPh3 )2(NCS)2] 2097(s,br) b 841 95
[lr(NH3 )s(NCS)]^ 2l40(s,br) b 8 2 5(3 ) 107
[Rh(NCS)(CO)(PPh3) 2] 2095(s >br) 472(w) 839 (in) 96
[Ni(py)2(NCS)2]C 2100(s) 466(w) 7 82(w) 97
-Mlxed Thiocyanate Complex-
|Pt(NCS)(SCN) (PhgPC^Cpi:^)] 2124(s,sp) 4l8(w)(
2 0 9 8(s,br)
[Pt2(PPr3)2(SCN)^l2]
[Ag(SCN)]n
Bridging Thiocyanate Complexes-
b2162
2169
2169(vs) 446(m) 
426(m)
856(w)
746(m) 
723 (m)
98
99
91
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Table VII (Continued)
a. phen = 1,10 phenanthroline.
b. The reference does not give a value for this vibrational frequency.
c. py = pyridine.
d. Bands due to v^g of the N-bonded ligand are obscured by other ligand 
absorptions.
e. Bands due to \> of the S-bonded ligand are obscured by other ligandlib
absorptions.
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The nature of the solvent in which a thiocyanate complex is 
dissolved also plays an important role in the type of thiocyanate bonding. 
Burmeister and workers studied the behavior of complexes of the type 
MLaX2 (M = Pd, Pt; L = neutral ligand; X = -SCN , -NCS ) in solvents 
of varying polarity and dielectric constant. 101 They found that in 
solvents having high dielectric constants such as dimethylfonnamide or 
acetonitrile, the thiocyanate ligand in the complex [Pd(AsPh3 )2 (SCN)e] 
is S-bonded. However, the solvents dichloromethane and benzene of low 
dielectric constants produced mixtures containing Pd-NCS, Pd-SCN, and 
Pd-SCN-Pd bonding. Solvents such as methanol or ethanol showed inter­
mediate behavior. In these solvents, dinuclear bridged species formed 
slowly. With the addition of triphenylarsine, the N-bonded complex 
Pt(AsPha) 2(NCS)p was produced.
Isomerization of IrCl(CN)(SCN)(CO)(PPh3 ) 2 to the N-bonded 
isomer is brought about by the presence of alcohol in a dichloromethane, 
chloroform, or benzene solution of the complex. Refluxing the complex 
in benzene or chloroform did not change the thiocyanate linkage. How­
ever, the presence of 10$ methanol in benzene did cause isomerization.
The isomerization can be observed by following the disappearance of an 
absorption at 330 run in the visible region of the spectrum. In aceto­
nitrile, the band intensity at 350 tun changes only slightly over a 
30-hour period. Evidence of the isomerization of a thiocyanato-S 
ligand in the presence of hydroxy lie solvents has also been observed 
by Tramer. 95 He reported the partial isomerization of K2[Cd(SCN)4]•-
2H20 in an acetone solution to the isothiocyanate form K[Cd (NCS) 4] *2H2 0.
He attributes the isomerization to the formation of hydrogen bonding 
between the nitrogen end of the thiocyanate linkage and one of the 
hydrogens of a water molecule.
An X-ray structural determination of the recrystallized prod­
uct IrCl(CN)(NCS)(CO)(PPh3)e has shown that the thiocyanate ligand is 
Indeed bonded to iridium through the nitrogen atom (Figure 5 ) . 102 The 
complex is essentially octahedral as indicated by the bond distances 
and angles given below the structure. The errors on most of the bond 
distances are larger than would be expected because of the disorder 
imposed by the crystallographic center of symmetry. In Figure 5, the 
CN ligand is shown trans to NCS and the CO is trans to Cl. Because of 
the nature of the disorder and the relative scattering powers of 
various atoms, the possibility that in fact the structure contains CO 
trans to NCS and CN trans to Cl cannot be eliminated. However, on the 
basis of infrared and Raman data, this second isomer is less likely.
There are nine geometrical isomers possible for complexes of 
the type Mabcde2 such as these new linkage isomers are. Structures for 
the nine S-thiocyanato isomers are given by 1-^ (l - PPh3) in 
Figure 6. Several of the isomers may be eliminated on the basis of 
far-infrared and Raman data. Bennett, et al., have shown that iridium- 
chlorine stretching frequencies are quite useful in assigning stereo­
chemistries. 103 Even though it is very little affected by the nature 
of the ligand cis to it, Vjr_c  ^varies significantly if the nature of 
the ligand trans to chlorine is altered. For example, in iridium(lll) com­
plexes , values for chloride trans to chloride have been reported
in the range 32O-3O3 cm" 1 ; for chloride trans to phosphine, 278-262 
cm"1; and chloride trans to hydride, 2k9~2hb cm" 1 . 104 The general 
order of decreasing v^r_Q^ values according to the nature of the trans 
ligand has been reported as follows: C l >  B r >  I ~  CO > CH3 >  PR3 ~
AsR3 >  H . 103 Both of the isomers IrCl(CN)(SCN)(CO)(PPh3)£ and
FIGURE 5
Molecular Structure and X-Ray Crystallographic Results for 
IrCl(CN)(SCN)(CO)(PPh3)a
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Bond Distances (ft)   Bond Angles (deft)___________
P-Ir-P 180
P-Ir-Cl 89-7(2), 90.3(2)
P-Ir-fC/N)! 89.0(2), 91.0(2)
P’Ir-C 92(1), 88(1)
Cl-Ir-(C/N)! 91-1(3), 88.9(3)
Cl-Ir-C 173(1)
C-Ir-(c /n )a 82(1), 98(1)
Ir-(C/N)1 -(C/N)a 175(1)
(C/N)*-(C/N)e-S 172(1)
Ir-C-0 156(3)
Ir-P 2.418(3)
Ir-Cl 2.37(1)
Ir-C 1.84(4)
Ir-(C/N)i 1.99(1)
( C / N ) p- S 1 .6 2(1)
(C/N)1-(C/N)P 1 .1 1(1 )
G-0 1.27(4)
H*•*H(mln) 2.40
FIGURE 6
Structures for the Nine Geometrical Isomers of 
IrCl(CN)(SCN)(CO)Le
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IrCl(CN)(NCS)(CO)(PPh3 ) 2 show infrared absorptions at 310 cm-1 which 
are assigned to Structures 6-B can be eliminated because
Vjr ci at £*• 260-280 cm-1 would be expected for a Cl trans to triphenyl- 
phosphine. Structures 1^ and 2 can be eliminated if one considers CN and 
H to have a similar effect on a trans Cl. However, there is a report of 
the complex MCl(CN)^o)(pEt^)2 In thich the CN ligand is assigned a position trans 
to Cl.22 An iridium-chlorine stretching frequency at 307 cm-1 is re­
ported for the complex. Data for SCN trans to Cl is not available; how­
ever, there are at least twenty Ir(lll) complexes containing CO trans
to Cl with v . values in the range 3l0“330 cm- 1 . 8 3 >103-105 Thus, if i r - L 1
we assume that Cl is trans to CO, all the stereochemistries can be eli­
minated for the initially isolated S-thiocyanate isomer except structures 
and which correspond to either a trans or cis mode of addition, 
respectively.
The complex trans-IrCl(CO)(PMePh2) 2 was allowed to react with 
sulfur dicyanide so that, by making use of the phenomenon of virtual 
coupling,108 the arrangement of the phosphlne ligands could be deter­
mined from proton nmr. Such a complex containing trans phosphines would 
exhibit a triplet methyl signal whereas one containing cis phosphines 
would show a doublet for the methyl protons. The isolated S-bonded 
complex IrCl(CN)(SCN)(CO)(PMePhp)^ has mutually trans phosphines as 
evidenced by a triplet at t 7-50- Of the nine structures in Figure 6, 
only structures _1, and ^  have trans phosphlne ligands. Structure %  
is favored since the iridium-chloride stretching frequency at 3I5 cm-1 
is consistent with a Cl trans to CO, but not as likely for Cl trans to 
CN, as in structures JL and While it does not follow that the trl- 
phenylphosphlne complexes will necessarily have the same ligand dispo­
sitions as the methyldiphenylphosphine complexes, such nevertheless
60
seems more likely and therefore the complex IrCl(CN)(SCN)(CO)(pph3 ) 2 
is also assigned structure A*.®* > a structure derived from a trans 
addition process.
The analogous complexes IrX(CN)(SCN)(C0)L2 (L * PPh3 , X =
Br, NCS, C(CN)3; L = AsPh3 , X = Cl) were prepared from the reaction of
trans-IrX(C0)LP and sulfur dicyanide. The carbonyl stretching frequencies
for the complexes are in the range 2 070-2090 cm'1, indicative of iri-
dium(lll) complexes containing six coordinated ligands. Each complex
contains a medium sharp infrared band in the range 2124-2135 cm' 1 which
is assigned to v„H of an S-bonded thiocyanate ligand. All of the ini- 
CN
tially Isolated complexes isomerized to the N-bonded thiocyanate form 
when they were added to a dichloromethane/methanol solution. The tricyano- 
methanide analog Ir[C(CN3 )](CN)(SCN)(CO)(PPh3 ) 2 isomerized at a much 
faster rate than the other derivatives. This was noted from electronic 
spectra of the complexes. The S isomers exhibit a shoulder at 330 nm in 
benzene. When the solvent is changed to a mixture of methanol and benzene 
(10:90 v/v), the shoulder is present in the spectrum of all of the com­
plexes except the trlcyanomethanlde analog. The other complexes were 
scanned in the visible region over a 20-hr period and each complex 
showed a gradual disappearance of the shoulder at 330 nm..
That sulfur dicyanide has been used as a thlocyanatlon reagent 
in these reactions to give S-bonded complexes as the kinetic products has
v *
provided a new method for the preparation of novel complexes containing 
both N- and S-bonded thiocyanate ligands. The Ir(l) complex Ir(NCS)(C0)- 
(PPh3 ) 2 contains N-bonded thiocyanate. When sulfur dicyanide was added 
to a benzene solution of trans-Ir(NCS)(C0)(PPh3)2, the product Ir(NCS)(CN)- 
(SCN)(CO)(PPh3 ) 2 was obtained. This complex exhibits three infrared absorp­
tions in the CN stretching region, Figure J. The absorption at 2146 cm- 1
FIGURE 7
Selected Infrared Absorptions of the Linkage Isomers 
Ir(NCS)(CN)(SCN)(C0)(PPh3)p and Ir(NCS)P(CN) (CO) (PPh3)e
(Nujol Mull)
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is assigned to vCN of the CN ligand attached directly to iridium. The 
CN stretching frequencies for the S- and N-bonded thiocyanate ligands 
occur at 2124 cm-1 and 2091 cm"1, respectively. When the complex iso- 
merized to Ir(NCS)2(CN)(CO)(PPh3)2, the band at 2124 cm"1 is no longer 
present, as seen in Figure 7 .
Hydridocarbonyltris(triphenylphosphine)iridium(l) and a two­
fold excess of sulfur dicyanide were stirred together in dichloromethane 
at -5O0 C. At this low temperature, no reaction occurred. As the mix­
ture slowly returned to room temperature, the yellow suspension dissolved 
and reacted with S(CN) 2 to give a pale yellow solution. Removal of a 
portion of the solvent and addition of hexane to the remaining solution 
produced pale yellow crystals which were shown to be heterogeneous by 
TLC. Impurities were separated from the desired product by PLC. A pale 
yellow powder was obtained from one of the two bands which moved on the 
PLC plate. The other band contained a small quantity of material which 
showed no infrared absorptions in the 2500-2000 cm-1  region of the spec­
trum. Selected infrared and nmr spectra for the pale yellow powder are 
shown in Figures 8 and 9* respectively. The two strong infrared absorp­
tions at 2062 cm"1 and 2058 cm" 1 (2050 cm"1 in dichloromethane) are in 
the range for a carbonyl stretching frequency of a six-coordinate Ir(lll) 
complex. The two absorptions at 2145 cm" 1 and 2115 cm" 1 cannot be as
easily assigned, Hiey are in the range for vT „ and v„w and cannot be
llT"H ON
distinguished without additional Information such as - for the
Ir-D
deuteride analog of the complex. That at least one of these absorp­
tions is due to of Ir-SCN is supported by the absorptions at 4 ^  
cm- 1  and 420 cm” 1 which are in the region for the SCN bending mode of 
an S-bonded thiocyanate ligand. The presence of an Iridium hydride
6k
linkage in the complex was affirmed not only by the high-fieId proton
nmr spectrum but by the iridium hydride bending modes in the 900-800
cm-1  region of the infrared spectrum. Vaska noted that octahedral
monohydride complexes usually exhibit two M-H bending motions ("in
plane" and "out of plane" ) . 110 The infrared spectrum of the pale
yellow powder shows two medium absorptions at 8i|0 cm-1 and 820 cm"1,
assigned to 6_ The high-field proton nmr signal can be interpreted irH
either as two overlapping triplets or as a triplet split into doublets. 
Neither of these signals can be explained unless the complex contains 
two hydride and two triphenylphosphine ligands or one hydride and three 
triphenylphosphine ligands as shown below. The coupling constants re-
L H P h J \  V P P h .
l „ ^  3 ' O x "
O r  Ir
Ph,PC" I V
PPh3 3 L
quire that in either case the hydride ligand(s) be cis to the phosphlne 
ligands [j(P-H)clg = IO-5O Hz, J(P-H)trans = 75-160 Hz] . 111 The sulfur 
and nitrogen analyses suggest that two thiocyanate ligands are present 
in the complex. If the complex is six-coordinate and the thiocyanate 
groups occupy two coordination sites, such as L and i/, then there is 
no position available for CO. Even if the complex were seven coordinate, 
such as IrH2 (SCN)a(CO)(PPh3 ) 2 or IrH(SCN)a(co)(PPh3)3 , the elemental 
analyses do not correspond to either of these formulas. Until addi­
tional information is obtained, no structural assignment can be made
for the complex.
FIGURE 8
partial Infrared Spectrum of the Yellow 
Crystalline Product Formed in the Reaction of 
S(CN)2 with IrH(CO)(PPh3)3 
(Nujol Mull)
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Proton Nuclear Magnetic Resonance Spectrum 
of the 18.00 - I9 .OO r Region for the Yellow 
Crystalline Product Formed in the Reaction of 
S(CN)2 with IrH(CO)(PPh3 )3
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The iridium(l) hydride IrH(CO)2(pPh3 ) 2 reacted with excess 
sulfur dicyanide in a dichloromethane solution to give a complex con­
taining an S-bonded and an N-bonded thiocyanate ligand, according to 
infrared data. No high-field proton nmr signal was observed; therefore, 
it was concluded that the hydride ligand had been removed from the 
starting complex during the reaction with s{CN)2. Comparison of this 
and other physical data of the light yellow powder shows that the com­
plex is identical to the product obtained from the reaction of S(CN) 2 
with Ir(NCS)(CO)(PPh3)2, namely Ir(NCS)(CN)(SCN)(CO)(PPh3)2. Although 
the mechanism of the reaction is not known, apparently the sulfur di­
cyanide molecule was involved in hydride abstraction as well as oxida­
tive addition. Provided the S-bonded thiocyanate is a result of an 
oxidative addition process, as has been the case for the reactions of 
S(CN) 2 mentioned previously, the NCS-linkage was formed from the inter­
action of S(CN) 2 and the hydride ligand.
In an attempt to prepare a transition metal complex containing 
an uncleaved sulfur dicyanlde ligand, the iridium dinitrogen complex 
IrN2Cl(PPh3 )2  was chosen as a substrate. Collman reported that the di­
nitrogen ligand of this complex Is easily displaced by molecules such 
as PPh3 , CO, and disubstituted acetylenes to give the corresponding 
four-coordinate iridium(l) complexes. 112 Hence, sulfur dicyanide was al­
lowed to react with a toluene suspension of IrNsClfPPh^ at 0°C. Filtration 
of the mixture after one hour produced a powder containing a substantial 
amount of unreacted starting material. However, addition of petroleum
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ether to the filtrate yielded a product free of the starting complex.
The elemental analysis and molecular weight data of the product suggest 
that it be formulated as IrCl(pPh3)£*S(CN)2. The infrared spectrum of 
the complex in the 2100-2200 cm"1 region, Figure lo9 favors a four- 
coordinate structure in which sulfur dicyanide remains intact and bonds 
to iridium through the sulfur atom. The two broad bands at 215^ cm"1 
and 2125 cm-1 are quite different in appearance from the CN stretching 
frequencies of complexes containing individual CN and SCN ligands, such 
as IrCl(CN)(SCN)(CO)(PPh3)2 and IrCl(CN)(NCS)(C0)(PPh3)2 ( see Figures 3 
and 4). Sulfur dicyanide itself exhibits two medium intensity infrared 
absorptions at 2190 cm”1 and 2180 cm”1. Bonding of the sulfur dicyanide 
molecule to iridium(l) would be expected to cause a shift in the CN 
stretching frequencies to lower energy resulting from a lowering of the 
CN bond order. This type of shift has been noted for S02 complexes 
such as IrCl(S02)(CO)(PPh3)P in which the sulfur-oxygen stretching 
frequencies are significantly lower than those of solid S02.78,109
B. Rhodium Chemistry
The addition of halogens and pseudohalogens Y2 (Y = Cl, Br,
1, SCN) to the rhodium(l) complexes RhX(CO)(PPh3)2 (x 43 F, Cl, Br, I, 
SCN) to form the complexes RhXY^CO)(PPh3)s was reported by the Russian 
authors, Singh and Varshavskli.113 An analogous reaction occurred when 
sulfur dicyanide was added to a benzene solution of RhCl(CO)(PPh3)2.
The carbonyl stretching frequency changed from I966 cm” 1 in the four- 
coordinate complex to 2121 cm” 1 in the sulfur dicyanide adduct. This 
Increase in going from a square planar to an octahedral arrangement of 
ligands has been attributed to a decrease in the TT-donor capacity of the
I I
FIGURE 10
Partial Infrared Spectrum 
of IrC 1 [S (CN ) (PPh3 ) £ 
(Nujol Mull)
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central metal in going from Rh(l) to Rh(lll). In addition, the square 
planar complex (dsp2) possesses an empty pz orbital which has the 
capacity to accept electron density from one of the TT-bonding orbitals 
of CO and therefore results in a lower Vq q -
The rhodium(lll) sulfur dicyanide complex is similar to the 
iridium(lll) analog IrCl(CN)(SCN)(CO)(pph3)a in that the initial pre­
cipitate RhCl(CN)(SCN)(CO)(pph3 ) 2 contains an S-bonded thiocyanate li­
gand which isomerlzed to the N-bonded isomer in a dichloromethane/- 
methanol solution. The rhodium S isomer (mp, I850 C) is not as ther­
mally stable as the iridium analog (mp, 263° C).
The bramo-complex RhBr(CN)(SCN)(CO)(PPh3)s, formed from the 
reaction of S(CN) 2 with RhBr(CO)(PPh3 )2, is not as stable in solution 
as the chloro-complex. When the Initial bromo-complex (S isomer) was 
recrystallized in a dichloromethane/methanol mixture, partial decomposi­
tion of the complex occurred. The carbon analysis was five percent 
lower than the value calculated for RhBr(CN)(NCS)(CO)(pph3)?.
The other square planar rhodium(l) complexes RhX(CO) (PPh3 ) 2 
(X = I, NCS, C104) which reacted with sulfur dicyanide gave products 
containing broad infrared bands in the CN and CO stretching frequency 
region (2000-2200 cm"1). The carbon analyses were 11-23 percent lower 
than the values calculated for RhX(CN)(SCN)(CO)(PPh3)2. The nitrogen 
percentages, approximately twice the value calculated for a one-to-one 
adduct, suggest that two moles of S(CN)~ reacted with one mole of RhX- 
(C0)(PPh3)2.
The reaction of RhCl(PPh3 ) 3 with sulfur dicyanide yielded two 
products, neither of which was fully characterized. The original 
orange precipitate has broad Infrared bands at 2125 cm- 1  and 2100 cm'1,
perhaps due to S- or N-bonded thiocyanate ligands. In solution the 
complex RhCl(PPh3 ) 3 has been reported to lose a triphenylphosphine 
ligand which can be replaced with a loosely-bound solvent molecule. 114  
Replacement of the solvent molecule with sulfur dicyanide would give a 
four- or five-coordinate complex having the formula RhCl(pph3 )3 *S(CN) 2 
or RhCl(CN)(SCN)(PPh3 ) 2 depending on whether the S(CN) 2 molecule is 
split into two ligands or remains as a unit. The elemental analyses 
for the original orange precipitate and yellow powder obtained from the 
addition of hexane to the filtrate are two percent lower than the 
theoretical value based on the above formulations. Attempted recrystal­
lization of the powders with dichloromethane and hexane mixtures pro­
duced only amorphous substances.
C. Platinum Chemistry
A literature search has shown that a number of substituted 
platinum(ll) complexes have been prepared which contain thiocyanate or 
cyanide ligands. A list of some of these complexes along with perti­
nent infrared data are given in Table VIII. Bressan and coworkers pre­
pared ci£-Pt(CN)2(PPh3 ) 2 by reacting cyanogen with the platinum(o) 
complex Pt(PPh3 ) 4 . 115 The use of thlocyanogen in a similar reaction 
produced the complex £is-Pt(NCS )2(PPh3)2.£s However, there have not 
been previously synthesized complexes of platlnum(ll) containing both 
CN and SCN ligands. Sulfur dicyanide reacted Instantaneously with the 
pale yellow complex Pt(PPh3 ) 4 producing a white precipitate whose ele­
mental analysis indicates the displacement of two triphenylphosphine 
ligands with sulfur dicyanide to give a complex corresponding to the
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table VIII
CN STRETCHING FREQUENCIES OF SOME CYANO- AND 
THIOCYANATO-PLATINUM(II) COMPLEXES
Complex VCN (cnrl) Ref*
-------  Pt-CN Complexes-----------------
pt(CN)42" 2157 116
cis-Pt(CN)2 (PPh3 ) 2 2148, 2141 II5
cis-Pt{CN)2 (PEt3 ) 2 2124 117
trans-PtH(CN)(PPh3 ) 2 2142 118
----------------- pt-SCN Complexes------------------
trans-Pt(SCN)2(sbPh3 ) 2 2120(s,sp) 101
trana-Pt(SCN)Ppyga 21l5(s,sp) 106
---------------- Pt-NCS Complexes-----------------
Pt{NCS)2 (PPh3 ) 2 2097(s,br) 95
trans-Pt(NCS)2(AsPh3 ) 2 2090(s,br) 101
trans-PtH(NCS)(PPh3 ) 2 2092 118
a. py * pyridine
T6
formula Pt(PPh3 )2 *S(CN)2 . Only one product was formed In the reaction 
according to thin layer chromatographic data. The nature of bonding of 
sulfur dicyanide to platinum may be determined by noting the infrared 
and Raman spectra of the complex in Figures 11 and 12, respectively.
The band at 2141 cm- 1  is assigned to v™T of a cyanide ligand attached
liN
directly to platinum by comparison with the infrared data of platinum(ll)
complexes containing cyanide ligands, such as those found in Table VIII.
The strong broad absorption at 2108 cm- 1  is in the range for v,,., of an
CN
N-bonded thiocyanate bonded to platinum(II). This infrared data sug­
gests that the reaction product is the four-coordinate complex Pt(CN)- 
(NCS)(PPh3)e. The stereochemistry of the complex was assigned by 
considering the 5^0"540 cm- 1  region of the spectrum. According to a 
recently published paper by Mastin, square planar disubstituted 
platinum(ll) complexes of the type Pt(PPh3 )2XX exhibit a band in this 
region of the Raman and infrared spectra which is used as a diagnostic 
for distinguishing between cis and trans phosphine ligands. 119 The in­
tensity of the band at 55O + 5 cm- 1  in the infrared spectrum of cis 
complexes is strong and of trans complexes it is weak. The opposite 
intensity effect is seen in the Raman spectrum. A trans complex will 
exhibit a strong Raman band near 55O cm” 1 whereas a cis complex will 
have a weak Raman band in this region. Using this criterion, the weak 
band at 540 cm" 1 in the infrared spectrum and the strong ^40 cm" 1 Raman 
band suggest a trans configuration for Pt(CN)(NCS)(PPh3)?.
That the platinum complex trans-Pt(CN)(NCS)(PPh3)2 contains 
an N-bonded thiocyanate while the iridium product IrCl(CN)(SCN)(CO)(PPh3)s 
has an S-bonded thiocyanate may be due to the difference in the kinetic 
stability of Pt(ll) and Ir(III) complexes. In comparing the two, Pt(ll)
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complexes, In general, are more kinetically labile than Ir(lll) com­
plexes. The thiocyanate ligand of Pt(CN)(NCS)(PPh3 ) 2 was perhaps S- 
bonded initially and rearranged to the more thermodynamically stable 
N-bonded form. In general, thlocyanato-platinum(ll) complexes con­
taining TT-acidic ligands such as trialkyl- or triarylphosphines have 
the thiocyanate ligand bonded to the metal through nitrogen. The 
phosphine ligands can make the ^  electrons of platinum less available 
for donation to the IT* orbitals of sulfur and therefore reduce the 
stability of an M-SCN bond and favor M-NCS bonding. Even though the 
iridium complex also contains good TT-acidic ligands, perhaps because 
of the kinetic inertness of Ir(lll), the SCN ligand does not isomerize 
as readily as in the more labile Pt(ll) complex.
A complex with an infrared spectrum similar to trans-PtfCN)- 
(NCS)(PPh3 ) 2 was obtained when the dicarbonyl-platinum(o) complex Pt- 
(CO)2(PPh3)r was allowed to react with sulfur dicyanide. Both products 
moved an equal distance on a silica gel TLC plate eluted with hexane/ 
chloroform. The only observed physical difference in the two products 
is the melting points. The product obtained from pt(pph3 ) 4 melts at 
280° C, whereas the Pt(C0)2(pph3 ) 2 product has two melting points at 
21*0° C and 280° C. This is perhaps due to the presence of geometrical 
or linkage isomers in the solid state. Geometrical Isomers are not as 
likely since there is only a weak band at 5I4O cm” 1 in the infrared 
spectrum of the product obtained from Pt(CO)2{pPh3)2 , suggesting a 
trans arrangement of the phosphine ligands. Conceivably a mixture of 
S- and N-bonded thiocyanate isomers were produced. The cyanide stretch­
ing frequency of the S-isomer could be masked by the broad absorption 
due to the N-bonded ligand. When the initial precipitate is left in a
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chloroform solution, for 12 hours, then recovered by removing the solvent, 
the light yellow powder has only one melting point, 285° C. This is 
presumably the result of isomerization to the stable complex trans-Pt>- 
(CN)(NCS)(PPh3)a.
D. Gold Chemistry
the gold(l) phosphine complex AuCl(PPh3) is extremely stable 
yet it can be oxidized by halogens and at least one pseudohalogen. 63 
Destafano and Burmeister prepared the gold(m) complex AuCl(SCN)2 (pPh3) 
from the reaction of thiocyanogen, (SCN)2, and AuCl(pph3) in carbon di­
sulfide at -78° C. Because of the chemical inertness of AuCl(PPh3) to 
all but the most reactive molecules, it was of interest to determine 
its reactivity toward S(CN)2, which has shown similarities to the halo­
gens in its reactions with Ir(l), Rh(l), and Pt(o) complexes. An 
excess of sulfur dicyanide was stirred in a benzene solution with 
AuCl(PPh3) for 0.5 hr. An infrared spectrum of the white powder iso­
lated from the mixture indicates that no reaction occurred. The
inability of pseudohalogens containing CN groups to react with gold(l) 
phosphine complexes has also been noted by other workers. Mann and 
Purdie reported that even though Br2 readily combined with AuBr(PEt3) 
to form the tribromo-auric derivative, the same gold(l) complex would 
not react with cyanogen bromide. 120 In addition, Bressan, et al., 
found that AuCl(pph3) remains unchanged after shaking with cyanogen for 
two days in benzene. 115
VI. EXPERIMENTAL - SULFUR DICHLORIDE AND DISULFUR DICHLORIDE REACTIONS
A. Reactions of trans-IrX(CO)(PPha)£ (x = Cl, Br, NCS) with SCie
1. Preparation and Characterization of IrCl2(sClXco)(PPh3)2
To a 25-mI benzene solution of trans-chlorocarbonylbisftri- 
phenylphosphine)iridium(l) (0.1»0 g, O.5I mmol) was added 0.05 ml 
(0,8 mmol) of sulfur dichloride at room temperature. Immediately, the 
solution changed from yellow to yellow-orange. After stirring the 
solution 0 . 5  hr, hexane was added to precipitate a yellow powder which 
was collected on a filter, washed with hexane, and dried jLn vacuo 
(O.3 6 g, 90#). Recrystallization of the product from dichloromethane/ 
methanol produced yellow crystals, mp, 214-216° C (dec).
Anal. Calcd for C3 7H3oCl3lrOP2S: C, 5O.3 I; H, 3.42; Cl,
12.04; P, 7-01; S, 3 .6 3; mol wt, 8 8 3. Found: C, 5O.2 5; H, 3.66; Cl,
12.28; P, 6.93* S, 4.42; mol wt, 890 (benzene).
Infrared (Nujol): 2072 vs (CO), 2051 m (CO), 307 m (ir-Cl),
and 293 m (Ir-Cl).
The yellow crystals were homogeneous according to TLC (silica 
gel, R^ => 0.68, chloroform).
Carrying out the reaction at -5O0 C in dichloromethane gave 
the same product.
A mixture of O.3098I g (0.35077 mmol) of IrCl(SCl)(Co)(PPh3)2, 
50 ml of benzene, and I50 ml of distilled water was stirred vigorously 
for 2 .5  hr at 70° C. After the mixture was cooled to room temperature, 
the benzene and water layers were separated. The aqueous layer was 
filtered, one ml of 15 M nitric acid was added to the filtrate, and the
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solution was placed In an erlenmeyer flask which had been covered with 
aluminum foil to exclude light. The addition of a five-fold excess of 
AgN03 (0.296 g, 1-75 mmol) to the aqueous solution produced a white 
flocculent precipitate of AgCl. The mixture was stirred for 3 hr at 
room temperature. Gravimetric determination of the precipitate resulted 
in O .9 9 moles of AgCl per mole of IrCl2(SCl)(C0)(PPh3)2.
2. Preparation and Characterization of IrBrCl(SCl)(CO)(PPh3)2
Yellow crystals of trans-bromocarbonylbis(triphenylphosphine)- 
irldium(l) (0 . 5  g, 0.6 mmol) were added to 50 ml of benzene. The yellow 
solution became bright orange upon the addition of O.O5 ml (0.8 mmol) 
of sulfur dichloride. The solution was stirred 0 . 5  hr and then 40 ml 
of solvent was removed with a rotary evaporator. The yellow precipi­
tate that had formed was collected by filtration, washed with hexane, 
and dried under vacuum (O.to g, 71#)* Recrystallization of the yellow 
powder from dichloromethane/methanol yielded an orange powder, mp,
I85-189° C (dec).
Anal. Calcd for CsyHsoC^BrlrOP^: C, 47-90; H, 3-07- Found:
c ,  47-79; h, 3 .to.
Infrared (Nujol): 2065 vs (CO), 2046 vs (CO), and 3OI m
(Ir-Cl).
3. Preparation and Characterization of Ir(NCS)Cl(SCl)(CO)(PPh3 ) 2
Sulfur dichloride was added to a 30-ml benzene solution of 
trans-isothiocyanatocarbonyIbis(triphenylphosphineHridiumfl) (0 . 50 g, 
0.37 mmol) at room temperature. The yellow-orange solution was stirred
0.5 hr and then most of the solvent was removed. Addition of methanol
to the orange oil produced a yellow precipitate which was collected by 
filtration, washed with hexane, and dried in vacuo [0 .2 0 g, 60$; mp, 
154-164° C (dec)].
Anal. Calcd for CagHaoClalrNOPsSs: C, 5 0.3 8 ; H, 3.34; N,
1.55. Found: C, 5O.53; H, 3-33; H, 1.22,
infrared (Nujol): 2100 vs, sh (CN), 2080 vs (CO), 85O w (CS),
and 300 w (ir-Cl).
B. Reaction of [lr(diphos)2]Cl and SC12
To bright orange crystals of bis(1,2-diphenylphosphino)- 
ethaneiridiuni(l) chloride (0.40 g, 0.39 mmol) in 35 ml of benzene was 
added 0.10 ml (1.6 mmol) of sulfur dichloride at 50 C. A gummy yellow 
precipitate formed in the cold solvent. After O .2 5 hr of stirring at 
5° C, the mixture was warmed to room temperature and stirred an addi­
tional I.5 hr. The cloudy mixture was filtered to collect a pale yellow 
powder which was washed with cold benzene and dried in vacuo [0.40 g, 
90$; mp, I9 0-192° C (dec)].
Anal. Calcd for C52H4SCl3IrP4S: C, 55.39; H, 4.29. Found:
C, 55-8 1; H, 4.6 9.
Infrared (Nujol): 295 m (Ir-Cl).
The pale yellow powder [lrCl(SCl)(diphos)2]Cl is very soluble 
in methanol, but insoluble in benzene.
The hexafluorophosphate salt [lrCl(sCl)(diphos)2]PFe was 
prepared by adding the pale yellow complex [lrCl(sCl)(diphos)2]Cl to a 
methanol solution of NH4PF6. The cream precipitate that formed was 
collected on a filter, washed with cold methanol, and dried in vacuo.
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Recrystallization of the cream powder from methanol/hexane yielded 
cream crystals, mp, 184-187° C (dec).
Anal. Calcd for C52H4SC12F6Ii,I,sS: C, 50.49; H, 3*92.
Found: C, 5°*^7; H, 4.09.
Infrared (Nujol): 295 w (Ir-Cl).
The molar conductance of [IrCl(SCl)(diphos)2]PF6 in methanol 
is 188 ohms" 1 mol"1,
C. Reaction of _trans-RhCl(C0)(PPh3 ) 2 and SC12
To the yellow solution consisting of 0 .2 5 8 (O.3 6 mmol) of 
trans-chlorocarbonylbis(triphenylphosphine)rhodium(l) in 30 ml of 
toluene was added O.O5 ml (0.8 mmol) of sulfur dlchloride at room 
temperature. The reaction mixture was cooled to 0° C after 0.1 hr of 
stirring. The orange precipitate that formed was collected on a filter, 
washed with hexane, and dried in vacuo [0.10 g, 36$; mp, I85-I880 C 
(dec)J. The yellow powder was recrystallized from dichloromethane/ 
methanol and yielded yellow-orange crystals of impure RhCl3 (C0)(PPh3)2. 
A sulfur analysis of the crystals confirmed the absence of sulfur in 
the complex.
Infrared (Nujol): 2IO5 vs (CO), 345 m (Rh-Cl), and 320 w
(Rh-Cl).
D. Reaction of Pt(PPh3 ) 4 and SC12
Sulfur dlchloride (0 .I5 ml, 2.5 mmol) was added to 1 .3 g 
(1 .0 mmol) of tetrakis(triphenylphosphine)platinum(o) in 50 ml of 
toluene at room temperature. The reaction mixture was cooled to 0° C 
after 10 min of stirring. A pale yellow precipitate formed as the
8?
mixture was stirred an additional 0.5 hr. The pale yellow powder was 
collected by filtration, washed with hexane, and dried under vacuum 
(0.60 g, 76/6). Recrystallizatlon of the powder from chloroform/methanol 
yielded a mixture of yellow and white crystals, mp, 285-29O0 C (dec).
Anal. Calcd for C36H30Cl2ptp2: C, 5 4.6 9 ; H, 3-85* Found:
c, 5^.49; h , 4.0 5 .
Infrared (Nujol): 340 m (pt-Cl), 318 w (Pt-Cl), and 295 w
(Pt-Cl).
Careful recrystallizatlon of the pale yellow powder from 
benzene/methanol produced bright yellow crystals of trans-PtClj(PPh^) 
mp, 290-2940 C (dec).
Infrared (Nujol): 340 m (pt-Cl).
The yellow crystals were homogeneous according to TLC (silica 
gel, R^ = 0 .5 3) chloroform).
E. Reaction of Pt(C0)2(PPh3 ) 2 and SC12
When sulfur dlchloride (0.04 ml, 0.6 mmol) was added to a 
solution of 0 . 2 7  g (0 . 3 5  mmol) of dicarbonylbis(triphenylphosphine)- 
platinum(o) in 35 ml of toluene, the color of the solution changed 
from orange to yellow. A light colored precipitate formed slowly in 
the mixture. After 5 min of stirring, the mixture was cooled to 0° C 
and stirring was continued for 0 . 5  hr. Hexane (3 0 ml) was added to 
complete precipitation of a tan solid which was then collected on a
filter, washed with hexane, and dried in vacuo [0 . 2 0  g, 9 7$; mp .
215-225° C (dec)].
Anal. Calcd for C19H 15Cl2 0PPt: C, 41.04; H, 2.70; mol wt,
556. Found: C, 41.63; H, 2 .6 5; mol wt, 580 (CHC13 ).
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Infrared (Hujol): 2105 vs (CO), 358 m (pt-Cl), and 3I3 m
(pt-Cl).
F. Reactions of ^ rans-IrX(C0)(PPh3 ) 2 (X - Cl, Br, NCS) with S^lp and 
S2Br2
1. Preparation and Characterization of IrCl(CO)(pph3 )2 *S2Cl2
Dlsulfur dichloride (O.O55 mlj O .6 9 mmol) was added to a 
yellow solution of O.5O g (0.64 mmol) of trans-chlorocarbonylbis- 
(triphenylphosphine)lridium(i) in 20 ml of dichloromethane at -5Q0 C.
The solution immediately became bright orange. After 0 . 5  hr of stir­
ring, the solution was returned to room temperature. Upon the addition 
of 30 ml of hexane to the orange solution, a gold-colored precipitate 
formed. The solid was collected on a filter, washed with hexane, and 
dried jLn vacuo (O.5O g, 85$). Recrystallization of the reaction product 
from dlchloromethane/hexane yielded small gold crystals, mp, 184-191° C 
(dec).
Anal. Calcd for C3'7H3QCl3Ir0P2S2: C, 48.55; H, 3.30; S,
7.00; mol wt, 9I5. Found: C, 48.18; R, 3-57; S, 6.72; mol wt, 930
(benzene).
Infrared (Nujol): 2070 vs (CO), 38O m, 327 m, 314 m, 285 m.
A solution of 0.10874 g (0.11880 mmol) of IrCl(CO)(PPh3)2* 
SsClp in 50 ml of benzene was stirred with I50 ml of distilled water 
at 50° C for 70 hr. The mixture was returned to room temperature and 
the aqueous layer was separated from the benzene layer. The aqueous 
layer was filtered and then one ml of I5 M nitric acid was added to 
the solution which had been placed in an Erlenmeyer flask covered with
aluminum foil to exclude light. An excess of AgN03 (0.04433 8> O.5O9I 
mmol) was added to the aqueous solution, then the mixture was stirred 
5 hr to assure complete precipitation of AgCl. Gravimetric determina­
tion of the precipitate resulted in 0.99 moles of AgCl per mole of 
IrCl(CO)(PPhaJs-SaCls.
Recrystallization of the original precipitate IrCl(CO)(PPh3 )2* 
S^Cls from dichloromethane/hexane/petroleum ether produced a mixture of 
gold crystals and a yellow amorphous solid. Separation of these
solids from the solution and further evaporation of the solvent pro­
duced only a yellow amorphous solid, mp, 190-196° C (dec).
Anal. Found: C, 47-99; H, 3.64.
Infrared (Nujol): 2070 s (CO), 302 (ir-Cl), and 280 w (ir-Cl).
A yellow solid also formed when IrCl(C0)(PPh3)2'S2Cl2 was 
recrystallized from dichloromethane/methanol.
Anal. Calcd for C37H3oCl3 lrOP2S2: C, 48.55; H, 3 .3I; Cl,
11.62; P, 6 .7 8; S, 7 .0 0 . Found: C, 48.81; H, 3 .3 6 ; Cl, 11.62; P,
6.84; s, 6 .9 4 .
Infrared (Nujol): 2070 vs (CO), 302 m (Ir-Cl), and 281 m
(Ir-Cl),
2. Reaction of IrCl(CO)(pPh3 ) 2 with S2Br2
To O.5O g (0.64 mmol) of trans-chlorocarbonylbis(triphenyl- 
phosphine)iridium(I) was added 0 . 0 6  ml (0 . 7  mmol) of disulfur dibromide 
in 30 ml of dichloromethane at -30° C. The dark orange solution was 
stirred 0.5 hr then most of the solvent was removed. The yellow-orange 
solid that precipitated was filtered, washed with hexane, and dried 
under vacuum (O.5 2 g, 81$). The precipitate was recrystallized from
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dichloromethane/hexane to give a yellow-orange powder, mp. 133-145° G 
(dec).
Anal. Calcd for C37H3OClBr2Ir0P2S2: C, 44.27; H, 3-00; S,
6.37. Found: c, 45.07; H, 3 .71; S, 6 .9 5.
Infrared (Nujol): 2065 vs (Co) and 3O5 ® (ir-Cl).
Recrystallization of the yellow-orange powder from dichloro- 
methane/methanol did not change the infrared spectrum of the complex.
3 . Preparation and Characterization of IrBr(C0)(pPh3 )2 *S£Cl2.
Yellow crystals of trans-bromocarbonylbi9 ftriphenylphosphine)- 
iridium(l) (O.5O g, 0.61 mmol) were dissolved in 30 ml of dichloromethane, 
and then the temperature of the solution was lowered to -5O0 C. Upon 
addition of O.O5O ml (O.6 3 mmol) of disulfur dichlorlde to the yellow 
suspension, the color changed to yellow-orange. The mixture was stirred
0 . 5  hr and then 25 ml of solvent was removed using a rotary evaporator. 
Addition of 20 ml of hexane produced a dull yellow precipitate which 
was collected by filtration, washed with hexane, and dried under vacuum 
(O.5 5 g, 94$). Recrystallization of the powder from dichloromethane/ 
hexane/petroleum ether yielded a gold powder, mp, 184-188° G (dec).
Anal. Calcd for C37H3OCi2BrI^0P£S2: C, 46.30; H, 3 .3 8;
mol wt, 9 5 9. Found; C, 46.26; H, 3*4-7; mol wt, 990 (CHCl3).
Infrared (Nujol): 2068 vs (CO), 377 m, 322 w, 280 w.
A bright orange solid [mp, 174-177° C (dec)] formed upon re- 
crystallizatlon of the initial dull yellow precipitate from dichloro- 
methane/methanol.
Anal. Found: c, 47-32; H, 3*45*
Infrared (Nujol): 2044 vs (CO) and 265 w (ir-Cl).
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if. Preparation and Characterization of Ir(NCS)(CO)(PPh3 )2 'SsCl2
Dlsulfur dichloride (0.020 ml, 0.25 fnmol) was added to 0.18 g 
(0 . 2 2  mmol) of trans-isothlocyanatocarbonylbisftriphenylphosphine)- 
irldlum(l) in 30 nil of dichloromethane at -5O0 C. The yellow-orange 
solution was stirred 0 , 5  hr and then 25 ml of solvent was removed
using a rotary evaporator. Hexane (to ml) was added to precipitate a
yellow solid which was collected on a filter, washed with hexane, and 
dried in vacuo [0.20 g, 95$; mp, I58-I620 C (dec)].
Anal. Calcd for CseHaoClalrNaOP^Sg: C, to.6 5; H, 3.22; N,
l.lf9. Found: C, to.iflf; H, 3.H; N, I.3 9 .
Infrared (Nujol): 2090 vs (CN), 20T0 vs (CO), 860 m (CS),
387 w, and 293 w.
G. Reaction of [lr(dlphos)2]Cl and S^C13
To a solution of 0.50 g (0.if9 mmol) of bis(l,2-diphenyl- 
phosphlno)ethanelrldlum(l) chloride in 50 ml of dichloromethane at 
-5O0 C was added O.Oto ml (O.5O mmol) of disulfur dichloride. The 
orange solution was stirred 1 .0 hr and then the solvent was removed 
leaving an orange powder which was washed with hexane and dried 
under vacuum [O.5 6 g, 99$* 178-182° C (dec)].
Anal. Calcd for C52H4QCl3IrP4S£: C, 53.8 6; H, 4.17; S,
5.52. Found: c, 53*77; H, 4.80; s, 4.47.
Infrared (Nujol): 385 w.
The hexafluorophosphate salt [Ir(diphos)2]PFe*SaCl2 was pre­
pared by adding NH4PF6 to a methanol solution of [Ir(diphos)2]Cl*S^Cl2. 
The pale yellow precipitate that formed waB collected on a filter, 
washed with cold methanol and dried under vacuum [mp, 174-179° C (dec)].
Anal. Calcd for Cg^H^QClgFglrPgSg; C, 49.22; H, 3*81; S, 
5.O5. Found: C, 49.22; H, 4.28; S, 6 .3 J.
Infrared (Nujol): 385 w.
H. Reaction of RhCl(CO)(PPh3 ) 2 and S2C 12
A solution of 0.60 g (0.77 nnnol) of trans-chlorocarbonylbis- 
(triphenylphosphine)rhodlum(l) in 30 ml of dichloromethane was cooled 
to -5O0 C. Upon the addition of 0.070 ml (0.88 mmol) of disulfur di- 
chlorlde, the yellow suspension changed to an orange solution. After
0 . 5  hr of stirring the solution, 25 ml of solvent was removed and 30 ml
of hexane was added. The orange precipitate that formed was collected
by filtration, washed with hexane, and dried in vacuo [O.5 8 g, 92$; 
mp, 146-I5O0 C (dec)].
Anal. Calcd for C37H3OCl3Rh0P2S2 : C, 53-81; H, 5.66; Cl,
12.88; P, 7 .50; S, 7 .7 5; mol wt, 8 2 5. Found: C, 55*80; H, 4.03; Cl,
13.10; P, 7.42; S, 7 .6 5; mol wt, 78O (CHCl3)„ 1
Infrared (Nujol): 2085 vs (CO), 2078 vs, sh (CO), 38O m,
325 w, 3 I8 w, 292 w, 285 m, 272 w.
One mole of chloride ion was hydrolyzed per mole of RhCl(CO)- 
(PPhsig’SsCls during the vigorous stirring of 0 .3 0 1 7 7 g (0 .3 6 5 3 9 mmol) 
of the complex with 50 ml of benzene and I50 ml of distilled water at 
70° for 25 hr.
Attempted recrystallization of the adduct RhCl(C0)(PPh3)2* 
S^Clp from dichloromethane/methanol resulted in decomposition of the 
complex to a dark brown powder.
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I. Reaction of Pt(PPh3 ) 4 with S2Cl2
Disulfur dichloride (O.O65 ml, 0.81 mmol) was added to a 
solution of tetrakis(triphenylphosphine)platinum(o) (1 . 0  g, .81 mmol) 
in 20 ml of dichloromethane at -5O0 C. After 5 °f stirring the 
yellow solution, a light-colored precipitate slowly began to form.
After 0 . 5  br of stirring, the mixture was returned to room temperature 
and then filtered. The off-white powder that remained on the filter 
was washed with hexane and dried _in vacuo (0.10 g). An infrared spec­
trum of the powder as well as TLC (silica gel, = 0.53* chloroform) 
showed the presence of ^ rans-PtCl2 (PPh3)2, although it was a minor 
product.
Infrared (Nujol): jbO s (Pt-Cl).
Removal of 15 ml of solvent from the filtrate produced powder. 
Recrystallization of the powder from dichlororaethane/methanol produced 
diamond-shaped white crystals of cis-PtCl2 (PPh3 ) 2 [O. 5 5 g, 85$; mp, 
275-285° C (dec)].
Anal. Calcd for C3 eH3 0Cl^PtP2; C, 5^.69; H, 3 .8 2 . Found:
C, 5^.25; H, 3-80.
J. Reaction of Pt(C0)s(PPh3 )a and
Hie complex dicarbonylbis(triphenylphosphine)platinum(o) was 
dissolved in 30 1111 °f benzene and to this solution was added O.O5O ml 
(O.6 3 mmol) of disulfur dichloride at room temperature. After stirring 
the mixture 0 . 3  hr, a tan powder was collected by filtration, washed 
with hexane, and dried under vacuum (O.3I g, 87$). Recrystallization 
of the tan powder from chloroform/methanol produced small white crys­
tals of cis-PtCls(pph3)2, mp, 275-2850 C (dec).
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Anal. Calcd for CgsHgoClsPtP-,: C, 54.69; H, 5.82. Found:
c, 54.24; H, 3 .97.
Infrared (Nujol): 3 I (Pt-Cl) and 295 (Pt-Cl).
Carrying out the reaction of Pt(CO)2 (PPh3)s and S^C^ in 
dichloromethane at -50° C provided the same reaction product, cis- 
PtCl2 (PPh3)2.
VII. RESULTS OF SULFUR DICHLORIDE AND DISULFUR DICHLORIDE REACTIONS
The iridium(lll) complexes IrXCl(SCl)(CO)(PPh3 ) 2 (x = Cl, Br, 
NCS) containing the chlorosulfido-moiety as a ligand were prepared from 
the reaction of the coordinatively unsaturated complexes IrX(CO)(PPh3 ) 2 
with sulfur dichloride. Adducts of SC12 with [Ir(diphos)]+ were iso­
lated as both the chloride and hexafluorophosphate salts. These Ir(lll) 
complexes are stable to air in the solid state and in organic solvents. 
When the rhodium analog of Vaska's complex RhCl(CO)(PPh3 ) 2 was allowed 
to react with sulfur dichloride, the halogenated complex RhCl3 (CO)(pph3 ) 2  
was produced. Chlorination also occurred in the reaction of sulfur 
dichloride with the platinum(O) complexes Pt(CO)2(PPh3 ) 2 and pt(pph3 ) 4 
to give PtCl2(CO)(PPh3) and cis- and trans-PtCl2 (PPh3)2, respectively.
The only well-characterized product from the reaction of sulfur di­
chloride and Ni(CO)2 (PPh3 ) 2 is a small percentage of NiCl2. Pertinent 
data for the complexes are listed in Table IX.
A number of noble metal complexes containing ligands derived 
from disulfur dichloride have been prepared. The compounds are mono­
meric, well-crystallized, and are stable to air in the solid state. In 
dichloromethane/methanol, isomerization of the adducts IrX(CO)(PPh3)2*
S2Cl2 (X = Cl, Br) occurred. The [lr(diphos)2]Cl'S2Cl2 adduct is unaf­
fected by methanol, whereas RhCl(CO)(PPh3 )2 ‘S2Cl2 decomposed in dichloro- 
methane/methanol. All of the complexes decompose on melting in the 
range 1^6-191° C. The platinum(o) complex Pt(CO)2(PPh3 ) 2 reacted with 
SgCl2 to give only cis-PtCl2 (PPh3 ) 2 while pt(pph3 ) 4 under similar con­
ditions gave a mixture of cis- and ^ rans-PtCl2 (PPh3)2. Relevant data 
for the complexes are given in Table X.
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TABLE IX
PRODUCTS FROM THE REACTIONS OF IRIDIUM* RHODIUM, 
AND PLATINUM SUBSTRATES WITH SULFUR DICHLORIDE
Mp, °C Selected Infrared Bands
Color dec VC0 ---- Other— —
IrCl2 (SCl)(CO)(PPh3 ) 2 Yellow 214-216 2072205I ^Ir-Cl’30^ ’2^3
IrBrCl(SCl)(CO)(PPh3 ) 2 Orange 185-189 20652046 Vlr-Cl’501
Ir(NCS)(CL)(SCl)(CO)(PPh3 ) 2 
[lrCl(sCl)(diphos)2]Cl
Yellow
Pale
Yellow
154-164
190-192
2080 VCN ’21001 VCS’ 
8501 vIr-Cl’3°°
vIr-Cl’2^5
[IrCl(SCl)(diphos)2]PF6 
RhCl3 (C0)(PPh3 ) 2 
cls-PtCl2(C0)(PPh3) 
cis-PtCl2(PPh3 ) 2
Cream
Yellow
Tan
White
X8if-18?
I8 5 - 188 
2 I5-225  
275-285
2105
2105
Vlr-Cl’2^5
vRh-Cl’3 4 5 ’520
V - C l ’3 5 8 ’313
'*et-ci*313’295
tranfl-PtCl'>(PPh3);a PaleYellow 2 90-294 ^Pt-Cl’31*0
a. Nujol mull spectra.
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TABLE X
PRODUCTS FROM THE REACTIONS OF IRIDIUM, RHODIUM, 
AND PLATINUM SUBSTRATES WITH DISULFUR DICHLORIDE
Mp, °C Selected Infrared Bands
Color dec
VC0
----- Other-----
IrCl(C0)(PPh3 )*SgCla Gold 184-191 2070 580,527,514,285
IrBr(C0)(PPh3 )2 *S£Cls Gold 184-188 2068 577,322,280
Ir(NCS)(CO)(PPh3 )2 *S2Cls Yellow 158-162 2070 VCN ’20901 VCS’860; 387,293
[Ir(dlphos)a]Cl*S2Cl2 Orange 178-182 385
[lr(dlphos)2]PFQ*SaCia PaleYellow 174-179 385
RhCl(CO)(PPh3 )a*SaCla Orange 146-150 20852078
380,325,318,
292,285,272
cis-PtCla(PPh3)a White 275-285 Vpt _c l ,3 l 8 ,295
trans-PtCl-afpPh^)!! PaleYellow 290-294 vpt-cl,5l+0
a. Nujol mull spectra.
VIII. DISCUSSION OF SULFUR DICHLORIDE AND
DISULFUR DICHLORIDE REACTIONS
A. General Reactivity of Sulfur Halides
When the alkyl or aryl groups of the phosphine ligand PR3 
are replaced by halogen atoms, the iT-acceptor power of the ligand is 
greatly Increased. For example, the trlfluorophosphlne ligand, an even 
stronger TJ-acceptor than CO, forms extremely stable complexes with low 
valent transition metals. 121 There are many examples of transition 
metal complexes having one or more dialkyl or diaryl sulfide ligands.
We thought that perhaps the replacement of alkyl or aryl groups on SR£ 
with chlorine atoms would result in an even stronger TP-acceptor ligand. 
However, in the reactions of sulfur dichloride with a number of coordin- 
atively unsaturated platinum, rhodium, and iridium substrates, the 
sulfur dichloride molecule is cleaved by the metal complexes to give 
either a chloro- and chlorosulfldo-ligand or two chloro-ligands. This 
behavior is consistent with the fact that the S-Cl bond energy of 
sulfur dichlorides is less than the S-C bond energy of alkyl- and 
aryl-sulfides. 122 Thus, the S-Cl bond should be more readily cleaved 
than the S-C bond of analogous sulfide molecules.
The organic disulfides are usually cleaved in their reactions 
with transition metal complexes to give two -SR ligands. The substitu­
tion of chlorine atoms for the organic groups in also altered the
reactivity of the disulfide with metal complexes. Although there were 
several complexes Isolated which contain the uncleaved S£C12 unit, 
most of the complexes possess ligands resulting from the cleavage of
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disulfur dichloride, either as an S^Cl and Cl ligand or two Cl ligands. 
The individual reactions of sulfur dichloride and disulfur dichloride 
with a number of transition metal substrates are discussed in the para­
graphs that follow.
B. Sulfur Dichloride Reactions
1. Iridium Chemistry
in benzene at room temperature to give a 1:1 adduct. The two most 
likely structures for the adduct (disregarding the stereochemical posi­
tion of the ligands about the metal) are IV and V. Structure V is
favored for several reasons. The adduct exhibits a carbonyl stretching 
frequency of 2066 cm- 1 in dichloromethane. This high value relative 
to for the starting complex (i960 cm-1) is suggestive of a change 
in oxidation state from +1 to +3 . In addition, bands present in the 
350“250 cm- 1 region of the infrared spectrum of the complex, which 
have been assigned to iridium-chlorine stretching frequencies, are 
consistent with oxidative addition involving cleavage of a sulfur- 
chlorine bond. The bands in the 350-250 cm- 1 region are not attributed 
to sulfur-chlorine stretching frequencies because in sulfur chloride
Vaska's complex IrCl(C0)(PPh3)£ reacted with sulfur dichloride
C l
IV V
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compounds Vg ^  occurs in the 627-372 cm-1  region. 123 We have been 
unable to assign Vg^ because of the numerous bands in the 600-^00 cm"1 
region. Additional evidence supporting Structure V came from the 
hydrolysis of the 1:1 adduct. Sulfur-chlorine bonds are known to be 
hydrolytically unstable. 1£4»125 Therefore, in order to determine the 
number of such bonds in the adduct, a benzene/water mixture of the 
adduct was heated for 2.5 hr at 70° C. Treatment of the aqueous phase 
with excess AgN03 produced 0.99 moles of AgCl per mole of adduct. An 
attempt to prepare an adduct of structural type TV by allowing Vaska's 
complex to react with SCle in dichloromethane at -5O0 C proved un­
successful. The isolated product is identical to the room temperature 
reaction product, IrClg(SCl)(CO)(PPh3)2.
If we assume Structure V to be the correct one, there are six 
geometrical isomers possible. However, according to TLC and infrared 
data (Figure I3 )> only one isomer is formed. That there are two 
carbonyl stretching frequencies in the Nujol mull spectrum of the 
adduct does not necessarily imply that two Isomers are present. The 
two absorptions are probably due to solid state splitting effects 
since a dichloromethane solution spectrum of the complex shows only 
one carbonyl band at 2066 cm-1. As was noted in the discussion of the 
sulfur dicyanide complexes, iridium-chlorine stretching frequencies 
are quite useful in assigning stereochemistries. They are little af­
fected by ligands cis to them, but are quite sensitive to the type of 
trans ligand. In the Nujol mull spectrum of IrCl£(SCl)(C0)(PPh3)5, as 
shown in Figure I3 , the band at 5^7 cm- 1  (vjr_Qj^ ) is suggestive of 
chloride trans to CO, and the band at 293 cm-1 (vjr q )^ seems reasonable
FIGURE 13 
Partial Infrared Spectrum of 
IrCl2(SCl)(CO)(PPh3)e 
(Nujol Mull)
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for chloride trams to sulfur. Of the six possible isomers, the only 
one to have such an arrangement of the chlorine ligands is shown below.
Therefore, we suppose that the reaction of SC1£ with IrCl(CO)(PPh3)2 
involves trans addition as has been observed for S(CN)2.
showed similar behavior toward the SC12 molecule. The products 
IrBrCl(SCl)(CO)(PPh3)2 and Ir(NCS)Cl(SCl) (CO) (jt'Ph3)s are not as ther­
mally stable as the chloro-analog. The carbonyl stretching frequency 
in the infrared spectrum of the orange complex IrBrCl(SCl)(C0)(PPh3)2 
occurs at 2065 and 20k6 cm-1 (two absorptions probably due to solid 
state splitting), and the iridium-chlorine stretching frequency occurs 
at 3OI cm"1. Similar absorptions for the yellow isothiocyanato-complex 
were observed (v^q, 2080 cm"1, and }0Q cm-1). The isothiocyanate
ligand remained N-bonded as evidenced by the strong absorption at 2100 
cm"1 (v™) and the weak absorption at 85O cm"1 (v„c).
In general, the reactivity of the cationic iridium(l) complex 
[lr(diphos)2]x (X = univalent anion) parallels that of the neutral 
iridium(l) complex IrCl(CO)(PPh3)2. For example, Vaska and Catone re­
ported that the bisphosphlne chelate reacts almost instantaneously with 
hydrogen halides, H^S, and halogens to give six-coordinate adducts.76 
In keeping with this trend, sulfur dichloride added to [Ir(diphos) 2]C1
VI
The bromo*and isothiocyanato-analogs of Vaska1s complex
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to give the 1:1 adduct, [irCl(SCl)(diphos)£]Cl. The weak infrared 
band at 295 cm-1 of the pale yellow complex suggests that, as in the 
case of the IrCl(C0)(PPh3)2 and SCl2 reaction, cleavage of SC12 oc­
curred to give chloro- and chlorosulfido-ligands. The adduct is very 
soluble in alcohol, but Insoluble in benzene. The ionic chloride ion 
was readily displaced by the bulky PF6 ion on addition of flrCl(SCl)- 
(diphos)2]Cl to a methanol solution of NH^Fq to give [IrCl(sCl)- 
(diphos)2]PF6.
2. Rhodium Chemistry
The rhodium analog of Vaska's complex, RhCl(CO)(PPh3)2, 
reacted with sulfur dichloride to give the chlorinated complex RhCl3- 
(C0)(PPh3)p. This is in contrast to the reaction of Vaska's complex 
with sulfur dichloride which gave IrCl2(SCl)(CO)(PPh3)2. Even though 
the analogous rhodium complex RhCl2(SCl)(CO)(PPh3)2 containing a 
chlorosulfldo-ligand was not isolated, it may have been formed initially. 
The yellow complex RhCl3(C0)(PPh3)?, first synthesized by Vallarino from 
the addition of chlorine gas to a chloroform solution of RhCl(CO)(PPh3)2, 
has a carbonyl stretching frequency at 2IO5 cm-1 in the infrared region 
of the spectrum and two rhodium-chlorine stretching frequencies at 345 
and 320 cm"1.126
3 . Platinum Chemistry
The tetrakis{triphenylphosphine)platinum(o) complex disso­
ciates in benzene to give the coordlnatively unsaturated species 
Pt(PPh3 )3 and Pt(PPh3 ) 2 . 127 A variety of molecules [X-Y = CH3 I, HC1,
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C6H5CH2B1:, (C6H5 )3SnCl] react with these species to give adducts of 
the type ptXY(PPh3)2.12B In an attempt to prepare the adduct Pt(PPh3 )2* 
SC12, sulfur dichloride was added to a solution of Pt(PPh3)4. The pale 
yellow powder that was isolated from the reaction mixture is composed 
of cis and trans-PtCl£(pph3)2. Similar results were reported by Allen 
and Baird for the reaction of HgCl2 and pt(pph3 ) 4 in benzene/acetone. 120 
They proposed the intermediate PtCl(HgCl)(PPh3 ) 2 which underwent further 
reaction to give PtCl2(PPh3 ) 2 and metallic mercury. Perhaps the analo­
gous intermediate PtCl(SCl)(PPh3 ) 2 was formed in the sulfur dichloride 
reaction. Allen and Baird also noted that the reaction of HgClp with 
Pt(PPh3 ) 4 is temperature dependent. When the reaction is carried out 
at room temperature, or if the product is isolated after the mixture 
returns to room temperature, only the cis isomer is obtained. Sulfur 
dichloride and Pt(PPh3 ) 4 were stirred together in toluene at room 
temperature for 10 min, then the temperature was lowered to 0° C and 
the mixture was stirred an additional 20 min. Possibly, the initial 
product was t^rans-ptCl2 (PPh3 ) 2 which partially isomerized to the cis 
isomer over the 0.5 hr period. The two isomers can be readily identi­
fied by observing v.,,. in the far-infrared spectrum. The white cisiC“L1
isomer exhibits two platinum-chlorine stretching frequencies at $18 
and 295 cm-1, whereas the yellow trans isomer shows only one 
absorption at $bQ cm"1.
Sulfur dichloride reacted with the platinum(o) complex 
Pt(C0)2) (PPh3)2 to give dichlorocarbonyltriphenylphosphineplatlnum(ll), 
The -SCI ligand was perhaps attached to platinum in an intermediate 
complex. However, as was the case for the rhodium(l) and platinum(o) 
reactions mentioned previously, the final product contains Cl as the
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only anionic ligand. Although this is a new synthetic procedure for
the preparation of PtCl2 (C0)(PPh3)2, it was first prepared by Smithies,
et al.13° Their two preparative methods are the addition of a benzene
solution of triphenylphosphine to an acetone solution of K[PtCl3 (C0)J,
and the bubbling of CO through a suspension of Pt^Cl4(pPh3 ) 2 for 1-3
hr. The infrared spectrum of PtCl2(C0)(PPh3 ) 2 shows a strong band at
2105 cm"1 which is assigned to \}nn. The 1*00 -3 0 0 cm- 1  region of theCO
spectrum was used to assign the stereochemical positions of the four 
ligands around platinum. Adams and coworkers found that for ten com­
plexes of the type trans-FtCl-aL^ (L = SEt2, SeEt2, py, NH3 , AsR3 , PR/3),
the infrared active v—  fundamentals occur as a single band in thePt-Cl
narrow range 31*2 -3 3 6 cm"1.131 That the PtCl2(C0) (PPh3 )2 complex ex­
hibits two absorptions at 358 and 3 I3 cm"1, which are assigned to 
vPt-Cl* suSgests that the chlorine ligands are cis to one another. In 
a recent publication by Manojlovic-Muir, et _al., the Pt-Cl distances 
for £ia-PtCl2(C0)(PFh3)2 are reported as 2.2T7(3) & for Cl trans to CO 
and 2.31*2(3) & f°r Cl trans to PPh3.132 This data was used to assign 
the absorption at 358 cm-1 to Vpt_^^ f°r Cl trans to CO and the absorp­
tion at 313 cm"1 to Upt for Cl trans to PPh3,
C. Disulfur Dichloride Reactions
1. Iridium Chemistry
The reactions of dialkyl and diaryl disulfides with transi­
tion metal complexes were reviewed in the Introduction. In general, 
metal complexes cleave the sulfur-sulfur bond of the disulfides to give 
either bridging or terminal SR ligands. Lam and Senoff reported the 
formation of dimeric complexes containing bridging arylsulfldo-ligands
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from the reaction of Vaska's complex with substituted diphenyl disul­
fides in refluxing benzene. 27 The reaction of disulfur dichloride 
with Vaska's complex in benzene at room temperature yielded a mixture 
of complexes, none of which contain sulfur. This reaction was perhaps 
complicated by the reaction of disulfur dichloride with benzene. Di­
sulfur dichloride reacts with aromatic hydrocarbons to give the corres­
ponding aromatic dlthiochlorides and hydrochloric acid. 42 The reaction 
conditions were altered in an attempt to synthesize a complex containing 
the disulfur dichloride moiety. A 1:1 adduct was isolated from the re­
action of disulfur dichloride and IrCl(C0)(PPh3 ) 2 in dichloromethane at 
-5O0 C. Recrystallization of the precipitate from dichloromethane/hexane 
afforded small gold-colored crystals which are monomeric according to mole­
cular weight data. A partial infrared spectrum of the adduct is shown in 
Figure 14. The complex is assumed to be six-coordinate on the basis of the 
high carbonyl stretching frequency at 2069 cm"1. The three most likely 
structures (disregarding stereochemical positions of the ligands) for the 
1:1 adduct are VII, VLH, and IX. Structure VIII represents the result of cleavage of
Cl Cl
If
ci
VII VIII IX
FIGURE 14 
Partial Infrared Spectrum of 
IrCl(CO)(PPh3 )2 "S^Cl2 
(Nujol Mull)
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the sulfur-sulfur bond of S^C12 to give two chlorosulfido-ligands. If 
the adduct were to possess two such ligands, hydrolysis of the complex 
would be expected to yield two chloride ions which could be readily 
precipitated as AgCl by the addition of AgN03. Hydrolysis of the 
adduct produced only one mole of chloride ion per mole of adduct. 
Therefore, Structure VIII can be eliminated. Only Structure IX satis­
fies the hydrolysis data since it is the only structure to contain a 
single -SCI linkage. Structure VII contains two -SCI bonds which could 
by hydrolyzed. However, there is the possibility of isomerization of 
this structure prior to hydrolysis. If VII isomerized to IX before 
being hydrolyzed, then only one -SCI linkage would be present during 
hydrolysis. This is a distinct possibility since isomerization of the 
1:1 adduct occurred during recrystallization in the solvent systems 
dichloromethane/hexane/petroleum ether and dichloromethane/methanol to 
give a yellow amorphous solid. Perhaps heat caused a similar isomeri­
zation during the hydrolysis experiment. Thus, VII should be considered 
further as a possible structure for the adduct IrCl(CO)(PPh3)2'SsCl2. 
Structure VII is favored for the original gold precipitate and IX for 
the yellow isomer. If the two complexes were simply geometrical iso­
mers, one would not expect such a dramatic difference in the far-infrared 
spectra of the two. The gold complex exhibits a strong Infrared absorp­
tion at 38O cm"1 (Figure 14) which is not present in the spectrum of 
the yellow lsaner (Figure 15). This band is not in the range for Vjr ^  
and is not present in either of the starting materials. The two 
platlnum(ll) isomers shown below can be used to predict the origin of 
the 380 cm"1 absorption. The carbon-carbon triple bond frequency for 
X is lowered from 2119 cm”1 in free dlcyanoacetylene to 1693 cm”1 for
7 ‘
FIGURE 15 
Partial Infrared Spectrum of 
IrCla(SsGl)(CO)(PPh3)a 
(Nujol Mull)
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the coordinated acetylene. 133 For the cyanoacetylido-group, H=C-C=C-,
In complex XI, the difference in v«_n is only 49 cm" 1 . 134 If we con- 
sider the analogous situation for S£C12, one would predict a signifi­
cantly larger change in Vg_g from free disulfur dichloride to coordinated 
SsCls as in Structure VII than from free S^C12 to the coordinated ligand 
-S^Cl as in Structure IX. The sulfur-sulfur stretching frequency for 
free 83012 is 53T cm"1.135 For Structure IX, v would probably be 
between 537 and 5OO cm-1. This region is crowded with triphenylphosphine 
absorptions and, therefore, does not allow the location of v . Assign-
b“u
ment of the absorption at 380 cm*1 to ve G f°r the gold isomer,b
Structure VII, would represent a change of I57 cm-1 from free to coordi­
nated S2CI2 . This seems reasonable because a similar reduction of vc
b"b
was observed for the S£ molecule upon coordination to [lr(diphos)2]Cl, 
as shown in Structure XII [P-P = bis(l,2-diphenylphosphino)ethane] . 136
XII
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The change in vc „ from free S2 to the coordinated disuifur unit is 
II4.3 cm- 1 . 137 The absorption at 314 cm" 1 (Figure 14) for the gold 
isomer is assigned to an iridium-chlorine stretching frequency because 
this band is absent in the corresponding bromo-derivative. The other
assignment is based only on the fact that these absorptions lie in the 
range for metal-sulfur stretching frequencies, 480-210 cm" 1 . 138 If we 
assume that the triphenylphosphine ligands remain trans, as in the 
starting complex, then the product isolated from the reaction of S^Cl^ 
and IrCl(C0)(PPh3 ) 2 has the stereochemistry of Structure XIII.
XIII
The yellow isomer IrCl2(SsCl)(CO)(PPh3 ) 2 is assigned Struc­
ture XIV on the basis of its far-infrared spectrum. This structure has
XIV
the same stereochemistry as the sulfur dichloride complex IrCl2(SCl)(CO)- 
{PPh3 ) 2 and it would be expected to have a similar far-infrared spectrum.
two bands at 327 and 285 cm" 1 are tentatively assigned to v. This
Ir-5
, / CI
p ph 3
The sulfur dichloride complex exhibits two vIr ^  absorptions at 307 and
115
293 cm-1 (Figure 13) and the yellow disulfur dichlorlde complex shows
two absorptions at 502 cm"1 (vT„ for Cl trans to CO) and 281 cm"1
ir*iii -
(vIr_cl for Cl trans to S2C1) (Figure I5).
two isomers IrCl(C0 )(PPh3 )2 *S2Cl2 and IrCl^S^l) (CO) (PPh3 ) 2 with x-ray 
diffraction information. However, Ibers found that the original gold 
crystals are twinned and the yellow solid is noncrystalline. Conse­
quently, no meaningful structural data could be obtained by this method.
The disulfur dibromide molecule has a sulfur-sulfur stretch­
ing frequency at 53I cm"1 . 135 Bonding of S2Br2 to IrCl(CO)(PPh3 ) 2 
through the two sulfur atoms should lower vc 0 to a value similar to
u“5
VS-S ^°r t *10 disulfur dichlorlde adduct XrCl(CO)(PPh3 )2 'S2Cl2 (380 cm-1). 
The reaction of disulfur dibromide with Vaska's complex in dichloro- 
methane at -3O0 C produced a 1:1 adduct. The infrared spectrum shows 
only a band at 505 cm” 1 in the 100-200 cm- 1  region, and this band is 
assumed to be vIr_c  ^f°r the Cl ligand originally in Vaska's complex. 
Recrystallization of the complex in dichloromethane/methanol and 
dichloromethane/hexane did not alter the infrared spectrum. If the 
S2Br2 unit bonds to the metal as in Structure XV, it would have probably
We had hoped to substantiate our structural proposals for the
Br
xv
i8omerlzed in solution to give XVI. However, since there was no indica­
tion of a substantial lowering of \>c c and no inclination of the complexb ■" b
Ir-"
XVI
to isomerize, apparently a complex of structural type XVI was isolated. 
This seems reasonable because the S-Br bond in S2br2 Is not as strong 
as the S-Cl bond in S^Cl^.les Thus, migration of bromine onto the metal 
might proceed more readily than analogous migration of chlorine in the 
S^Cl^ complex.
The iridium complex IrBr(co)(PPh3 ) 2 reacted with disulfur 
dichloride to give the adduct IrBrfCOjfPPhsJ^'S^Cl^. The carbonyl 
stretching frequency at 2068 cm- 1  and the far-infrared absorptions at 
3771 322, and 280 cm" 1 suggest that the S2C12 moiety is bonded to 
Ir(lll) as shown in Structure VII. This is analogous to the IrCl(CO)- 
(PPhgJg-SsCls adduct. The behavior of IrBr(CO)(PPh3 )2 *S2Cl2 in 
dichloromethane/methanol is quite different from the behavior of the 
chloro-analog in the same solvent system. Recrystallization of the - 
adduct in dichloromethane/methanol produced a bright orange amorphous 
solid. In the 100-200 cm" 1 region of the infrared spectrum, the com­
plex exhibits only one band at 265 cm"1. This suggests that Cl is 
trans to PPh3 and therefore, the triphenylphosphine ligands have to be 
cis to one another. There are three possible geometrical isomers for 
IrBrCl(S2Cl)(C0)(PPh3 ) 2 which have Cl trans to PPh3 and cis phosphines. 
However, the infrared spectrum does not provide enough information to 
assign one of the isomers to the orange complex.
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The isothiocyanato-analog of Vaska's complex also formed a 
1:1 adduct with disulfur dichloride. The bands in the far-infrared 
spectrum of the yellow complex are very weak. Since the 387 and 295 
cm-1 absorptions are weak, it is understandable that the band that was 
weak in the bromo analog, namely the band at 322 cm-1, is not visible 
in this spectrum. It is assumed that the adduct Ir(NCS)(CO)(pph3)2‘ 
SgCl^ has the same stereochemistry as the chloro- and bromo-analogs.
The ionic complex [lr{diphos)2]Cl reacted with S^lg to give 
the adduct £lr(diphos)2]Cl,,S2Cl2. This complex also shows a very weak 
far-infrared spectrum. The only detectable band in this region is a 
very weak one at 385 cm"1. This band is common to the other initially- 
isolated disulfur dichlorlde adducts. Thus, the dlphos complex has been 
assigned a structure in which the S2C12 unit remains Intact and bonds 
to the metal through the two sulfur atoms. The hexafluorophosphate 
salt of the adduct was prepared by adding NH4PF3 to a methanol solution 
of the chloride.
2. Rhodium Chemistry
Disulfur dichloride reacted with RhCl(CO)(PPh3)2 to give a 
product analogous to IrCl(CO){PPh3 )2 'S2Cl2 (structure XIl). The far- 
infrared spectrum of the orange 1:1 adduct RhCl(CO)(PPh3 ) 2 closely 
resembles that of the iridium adduct. Thus the stereochemistries of 
the two complexes are assumed to be the same. Recrystallization of 
the rhodium adduct, however, did not result in simple isomerization. 
Instead, the complex decomposed to a dark brown powder in dichloro- 
methane/methano1.
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3 . Platinum Chemistry
Only PtCl2(pPh3)2 was formed in the reaction of SsCl2 with 
the two platinum(o) substrates Pt(CO)2(PPh3)2 and Pt(pph3)4. The di­
carbonyl complex gave ci£-PtCl2(PPh3)2 whereas tetrakis(triphenylphos- 
phine)platinum(O) resulted in a mixture of cis and £rans-PtCl2(pPh3)2 
when allowed to react with S2C12 in dichloromethane at -5O0 C. Thus, 
as in the reactions of sulfur dichlorlde with the same platinum(o) com­
plexes, sulfur-containing complexes were not isolated. Such complexes 
may have been intermediates that were unstable under the conditions of 
the reactions.
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